49 Effects of the Alter natives on the Ecosystem

In this section the principles and policies of ecosystem-based management are outlined and how present
groundfish fishery management meds the objectives of ecosystem-based management is summarized. 1t will
be clear from this evaluation that ecosystem-based management encompasses avariey of objectives that
overlap all dternatives, particularly the consideration of other ecosystem components—marine mammals and
sea hirds or non-target species in-fishery management decisions (Alternatives 2.1, 2.2, 4.1, and 4.2),
conservative single-species management (Alternative 3), fish habitat protection (Alternative 5), and fishing
capacity and fishing rightsissues(Alternatives 6.1 and 6.2). Because of thisoverlap, thoseissuesand impads
are not anayzed when evauating how wel each alternative meets the objectives of ecosystem-based
management. Instead, how the various alternatives paform with resped to variousecosystem-level measures
that might indicatethe impacts of the aternativesfrom abr oader ecological viewpoint are presented in Section
4.9.2. In Section 4.9.3 the ecosystem-l evel ecologica impacts are summarized and how each dternative
performs with respect to ecosystem-based management is discussed.

491 Principlesand Policies of Ecosystem-Based M anagement

Fish are only one component of a complex marine ecosystem. Removing fish for human consumption can
potentially have broad inmpacts to the marine ecosystem unless safeguards are incarporated into fishery
management plans. Fisheries can impact ecosystems in numerous ways. Populations of fish and other
ecosystem components can be affected by the selectivity, magnitude, timing, location, and methods of fish
removals. Fisheriescan asoimpact ecosystemsby vessel disturbance, nutrient cycling, introduction of exotic
spedes, pollution, unobserved mortality, and habitat alteration.

Ecosystem-based management strategies for fisheries are being developed around the world to address the
larger impacts due to fishing Ecosystem-based fishey management ains at conserving the structure and
function of marine ecosystems, in addition to conserving fishery resources. An ecosystem-based management
strategy for marine fisheries is one that minimizes potential impacts while a the same time alowing the
extradtion of fish resources at levels sustainablefor bah the fish stock and theecosystem.

The Sugtainable Fisheries Act (SFA) of 1996 strengthened the Magnuson-Stevens Fishery Conservation and
Management Act (the Magruson-Stevens Act) by mandating new consavation measures. One provision of
the SFA was the appointment of a NMFS Ecosy em Prind ples Advisory Panel (thePanel). Thepand was
tasked to report to Congress on the extent to whi ch ecosy stem principl es are applied in fishery conservation
and management, including research, and propose actions that should be undertaken to expand the application
of ecosystemprinciplesin fishery conservation and managemert. The panel’ sreport was recently published,
and thus provides updated information on ecosystem-based managemert of fisheries (Ecosystem Princi ples
Advisory Panel 1999). The pand desaibed ecosystem-based managament for marine fisheries:

Ecosystem-based management can be an important complement to existing fisheries
management approaches When fishery managers understand the camplex ecd ogical and
socioeconomic environments in which fish and fisheries exid, they may be able to
anticipatethe effects that fishery management will have on the ecosydem and the effects
that ecosystem change will have on fisheries. However ecosystem-based management
cannot resdveall of theunderlyingprobl emsof theexisting fisheri esmanagement regimes.
Absentthepolitical will to sop overfishing, protect hahitat, and support expanded r esearch
and monitoring programs, an ecosystem-based approach cannot be effective.

A comprehensive ecosystem-based fi sheriesmanagement approach woul drequire managers
toconsider al interactionsthat atarget fish stodk haswith predators, competitors, and prey
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species, the effect s of weather and climate on fisheries biology and ecology; the complex
interactions between fishesand their habitat; and the effectsof fishing on fish stocks and
their habitat. However, the approach need not be endlessly complicated. Aninitial step
may require only that manager s consider how the harvesting of one species might impact
other species in the ecosystem. Fishery management decisions made at this level of
underdanding can prevent significant and potentially irrevasible changes in marine
ecosystems caused by fishing.

The panel devdoped a list of basic ecosystem principles and policies, and recommended that fisheries
ecosystem plans(FEP) be developed asafirst step toward a full ecosystem approach. Camponents of the plan
include food web maodels, habitat needs, estimetes of tatal removal's, an assessment of uncertainty and buffers,
indices of ecaosystem health and use, long-teem monitoring plans, and an assessmert of other elanents. The
principles the panel developed are as follows:

* Theahility to predict ecosystem behavior is limited.

» Ecosysgems have red thresholds and limits which, when exceeded, can effect mgor system
restructuring.

*  Oncethreshol ds and limits have been ex ceeded, changes can beirreversible.
» Divergty is important to ecosystem functioning.

» Multiplescales irteract within and among ecosystems.

e Components of ecosystems are linked.

»  Ecosystem boundaries ar e linked.

*  Ecosystems change with time.

Badically, thesebasic principles outline the compl ex and dy namic natur e of marine systemsthat ar e composed
of interconnected groupsof living arganisms andther habitats. These basic principles form the foundation of
ecosystem basad management strategies.

Building onthese principles, the panel developed severa genera ecosystem-based management policiestoguide
fishery managers. These policiesreflect the overriding aspectsof the principl es associated with the limitations
on extraction, uncertainty, and therole of humanswithin ecosystems. These six poli cies pr ovided by the panel
are asfollows:

1. Change the burden of proof. Welive in aworld where humans are an important component of almost
all ecosystems. Thus it isreasonableto assume that human activitieswill impad ecosystems. The
modus operandi for fisheries management should change from traditional mode of restricting fishing
activity only after it has demonstrated an unacceptable impact, toa future mode of only dlowing fishing
activity that can bereasonably expected to operate without unacoeptableimpacts.

2. Applythe precautionary approach. The precautionary approach is a key element of theUnited Nations
Agreement for Stradding Stocks and Highly Migratory Sped es (United Nations 1997) and theFood and
Agriaulture Organization of the United Nations (FAO) Code of Conduct for the Responsible Fisheries
(FAO 19%). The U.S. isasignatory o bath.
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3. Purchase “insurance” againg unforseen, adverse ecosystem impacts. Even under the precautionary
approach, thereisarisk of unforseen, adverseimpactson ecosystems. Insurance can be used to mitigate
these impads if and when they occur.

4, Learn from marnagement experiences. Management adions and policies can be considered as
experiments and shauld be based upon hypotheses about the ecosystem response This requires close
monitoring o results to deermine to what extent the hypotheses are supported.

5. Make local incentives compatible with global gods. Changing human behavior is most easily
accomplished by dchanging the local incentivesto be consistent with br oader socid goals. The lack of
consistency between local incentives and global gaalsisthe root causeof many “saocial traps,” including
those in fisheries management (Constanza 1987). Changing incentives is complex and must be
accomplished in cuturally gopropriateways.

6. Promote participation, fairness, and equity in policy and management. Ecosystem approaches to
management rely on the parti cipation, understanding and support of multiple constituencies. Policies
that are developed and impl emented with the full parti cipation and consider ation of al stakeholders,
including theintereds of futuregenerations, aremorelikdy to befair and equitable, and to be perceived
as such.

The pand’ s overall recommendationwasto expand the application of ecosystem principl es, goals, and policies
to fishery management and research. The mechanismto accomplish this is developing an FEP f or each major
ecosy dem. The dbjedives of anFEPwould beto providethe North Pacif ic Fisheries M anagement Council (the
Council) and public with a description and understanding of the fundamental physical, biological, and
human/irstitutional context of ecosystems, as well as to provide somedirection on how thisinformation can
be used to set policiesfor ecasystem-based management options. Actions required to develop an FEPinclude
characterization of the ecosystem, food web madeling, habitat needs, total removal calculations, assessment
of uncertainty, indices of ecosystem health, long-term monitoring data, and an assessment of ecolagicd, human
and institutional dementsof the ecosystemthat areaffected by fisheries.

A requiranent for regional councils to devdop FEPs is bang considered for the next round of Magnuson-
Stevens Act amendments. The annua ecosystem considerations chapter to the Stock Assesament and Fishery
Evaluation Report (SAFE), togethe withwhat is provi ded in this draf t programmatic SEIS, ar eady assembl es
most of the information required for a FEP, so the job for the Council may not be as daunting a task as for
other regional coundls.

4.9.1.1 Evaluation of Alternative 1 Relative to Ecosystem-Based M anagement Standards

In 1999, the National Research Council (NRC), an agency organized by the National Academy of Sciences,
st out new performance standar dsfor fishery management in Sustaining Marine Fisheries (National Research
Council 1999c). The publication reviewsthe status of gobal fisheries, the problemsfadng fishery managers,
and provides recommendations on how to improve management to achieve sustainable marine fisheries. The
NRC's oveall recommendation was adoption of an ecosystem-based approach for fishery management with
the goal “to rebuild and sustain papulations, species, biological commurities, and marine ecosystems at high
levelsof productivity and biological diversity, so as not to jeopardize awide range of goods and servicesfrom
marine ecosystems, while providing food, revenue and recreation for humans’ (National Research Council
1999c). To achievean ecosystem-based approach, the NRC made eight spedfic recommendations:

1. Adopt conservative harvest levels for single species fisheries.

2. Incorporate ecosystem oonsiderations into fishery management decisions.
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3. Adopt aprecautionary approach to deal with uncertainty.

4. Reduceexcessfishing capacity and define and assign fishing rights.

5. Establish marine protected areas as a buffer for uncertainty.

6. Include bycatch mortaity in TAC accounting.

7. Devdop institutions to achieve goals.

8. Conduct more research on gructureand function of marine ecosystens.

Although the NMFSis dill evaluating the recommendations from the various ecosystem-based management
review panels to deermine how best to irtegrate them into the fishey management regime, the NRC
recommendations provide one set of standards from which to evaluate the current management program for
groundfish fisheries. For each recommencétion, the NRC’ ssummary recommendation is provided ver bat um.
A description of how current measures address these recommendations, and a brief evaluation of their
effectiveness, is also provided.

Conservative Single Species Management. Managing single-species fisheries with an explicitly
conservative, risk-aver se approach should be a first step towvard achieving sugainable marine fisheries. The
precautionary gpproach should goply. A moderatelevel of exploitation might be a better goal for fisheries
than full explatation, becausefishing at |evel sbelieved toprovide the maximum long-termyield tendstolead
to overexploitation. Many species are overfished and thei r productive potential is impaired, even without
condgdering the ecosystem effect s of fishi ng for them. Expanding fisheriestoinclude previoudy unfished or
lightly fished species, such as deep-sea spedes, is unlikely to lead tolarge sugainalde inareases in marine
capture fisheries. Therefare, the committee recommends that management agend es adopt regulations and
polices that strongly favar conservative and precautionary management and that penalize overfishing, as
caled for in the Magnuson-Stevens Fishery Conservation and Management Act of 1976 and the 1996
amendmentsto that Act, often referred toasthe Sustainabl e Fisheries Act of 1996 (National Research Council
1999c).

The management of fisheries in the North Pacific is conservative, by comparison with other fisheries
worldwide. Low harvest rates, combined with other management elements, providefor the follovingelemerts
to achieve sustainable groundfish fisheries in the Narth Pacific:

e peer-revieweal scientific advice

» defined ovafishing levels

e conservative harved rates

e comprehensive observer coverage

e complete catch reporting
All groundfish stodks are corsidered relatively healthy after 20 years of sustained annual harvests of abaut 2
million mt. No fish stocks have been deemed overfished, approaching an overfished condition, or subject to

overfishing in a recent evaluation of the status of U.S. fisheries (NMFS 19980). The components of
conservative single species management for the North Pacific groundfi sh fisheries are described below:
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Theintended catch iswell belowtheabsolutecatch limit. Total removals of groundfisharecontrolled
by annual catch limits established for each gock. For each targe stock, three harvest levd s areset,
corresponding to the owverfishing level (OFL), the acceptable biological catch (ABC), and total
allowable catch (TAC). TACsare annual catch limitsfor the fishery, and are established at or below
the ABC. ABCs define acceptable harvest levels from a biologica perspective, and the defines the
unacceptable harvestlevd. Tofurther minimize the possibility of catchesjeopardizingastock’slong-
term productivity, there is a buffer established between ABC and OFL.

Harvest rate specifications are more conservative when less information is available. A
precautionary approach is used to address uncertainty around paramete's used in stock assessments.
The maximum allowvable rates are prescribed in descending orde of preference, carresponding to
descending order of information availability (Thompson 1996). Additionally, maximum sustainable
yield (MSY) is treated as alimit, rather than atarge. For most stacks, ABC is based onarate less
than or equa to F,y,, which is the fishing mortaity rate associated with an equilibrium level of
spawning per recr uit equal to 40 percent of theequilibrium level of spawning per recruit in the absence
of any fishing. Inother cases where lessinformation is available about the stock, ABC is generaly
based on the three-fourths of the natural mortdity rate (M). Both the F,,,, and 0.75M rates are
consider ed to be conservative harvest rates for most groundfish stocks (Clark 1993; Rosenberg and
Restrgpo 1996). For most stocks OFL is defined based on F,.,,. Theconservative nature of our tier
systemis fully discussed in Section 2.7 and referenced throughout Sedion 4.4.

Harvest rates arereduced at lower than average stock size levels, thereby allowing rebuilding. If
the biomass of any stock falls below B,,s, or B,y (the long-teem average biomass that would be
expected under average recruitment and F = F,,,,), thefishing mortality rate is adusted relative to
stock status. This serves as an implicit rebuilding plan should a stock fall below a reasonable
abundance level. The conservative nature of the tier system is fully discussed in Section 2.7 and
referenced throughout Section4.4.

The optimum yield limit adds additiona precaution. Since 1981, thetotal annua allowable catch
of Bering Sea/Aleautian 1slands (BSAI) groundfish must be less than the optimum yield (OY) upper
limit of 2 million mt. This has limited the sum of TACsfor all species to 2 million mt per year,
considerably lessthanthe sumof all ABCs. In some years, ABCs have tataled morethan 2.8 million
mt. Asareault, many groundfish stocks, particularly flatfish stocks, have been exploited well below
sustainable levels (Witherell 1995). The conservative nature of thetier sysemisfully discussed in
Section 2.7 and referenced throughout Sedtion 4.4.

Monitoring all ows catches to stay within specified levels. All fish caught in any fishery (including
bycatch), whether landed o discarded, are counted toward the TAC for that stock. Based on
comprehensive onboard obsave data and reports provided by the flest, directed fisheries for each
species or complex are closed before the TAC is reached, so that catches are maintained within
biologically acceptable levels. Observer data provides for accurate and precise estimation of Alaska
groundfish catch (Volsted et al. 1997).

Evauation

Existing sing e-speci esmanagement of North Pacific groundfish meetthe conservative and risk averse approach
standard recommended by the NRC. None of thegroundishstocks are subjed to overfishing asdefined under
the Magnuson-Stevens Act. However, we have i nsufficient inf ormation on some stock s to determine if they
are being overfished. Improvements can be made in our single-species management and these have been
outlinedin our target and non-target species alternatives (Section 4.1.2 and 4.1.3).
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I ncor porating Ecosystem Consider ations into Fishery Management. Fishe'y management should
take accaunt of known and probabl e goods and services of marine ecosygemsthat are potentially jeopardi zed
by fishing. Theaim isto sustain the capacity of ecosystems to produce goods and services at local to glabal
scalesand toprovide equitablecond deration of therights and needsof all beneficiariesand user sof ecosystem
goods and services (National Research Council 1999c).

The Council has been activdy developing an ecosystem-based approach tomanaging fisheries (Table 4.9-1).
The Council’ sapproach involves public participation, reliance on scientific research and advice, conser vative
catch quatas, comprehensive monitoring and enfarcement, bycatch controls, gear restrictions, tempora and
spatial distribution o fisheries, habitat consevation areas and aher biological and socioeconomic
considerations. Management measures are also taken to minimize potential impacts o fishing on seafloor
habitat and othe ecosystem componerts such as marine mammal s and seabirds.

Table 4.9-1 North Pacific Fishery Management Council Goals and Objectives for Ecosystem-Based
M anagement

Definition: Ecosystem-based management, as defined by the NPFMC, is a strategy to regulate human activity
toward maintaining long-term system sustainability (within the range of natural variability as we understand it)

of the North Pacific, covering the Gulf of Alaska, the Eastern and Western Bering Sea, and the Aleutian Islands
region.

Objective: Provide future generations the opportunities and resources we enjoy today.

Goals:

1. Maintainbiodiversity consistent with natural evolutionary and ecological processes, including dynamic change
and variability.

2. Maintain and restore habitats essential for fish and their prey.

3. Maintain system sustainability and sustainable yields of resources for human consumption and non-extractive
uses.

4. Maintain the concept that humans are components of the ecosystem.

Guidelines:

1. Integrate ecosystem-based management through interactive partnerships with other agencies, stakeholders,
and public.

2. Utilize sound ecological models as an aid in understanding the structure, function, and dynamics of the
ecosystem.
Utilize research and monitoring to test ecosystem approaches.

3
4. Use precaution when faced with uncertainties to minimize risk; management decisions should err on the side
of resource conservation.

Understanding:

1. Uncontrolled human population growth and consequentdemand forresources areinconsistent with resource
sustainability.

2. Ecosystem-based management requires time scales that transcend human lifetimes.

3. Ecosystems are open, interconnected, complex, and dynamic; they transcend management boundaries.

The public, scientists, and policy makers have dl contributed to devedopment of an ecosystem-based
management strategy. Since 1995, the groundfish plan teams have added an “Ecosystem Considerations’
section to thar SAFE document (e.g., NPFMC 1998f) that provides an annua assessment of the ecosystem,
review of recent ecosystembased management literature, updates of ongaing ecosystan research local
observations from coasta residents and fishermen, and any new information on the status of seabirds, marine
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mammals, habitat and othe components of theNorth Pacific ecosysem The Coundl also hasan Ecosy stem
Committee, which was established to discuss and recommend possible appr oaches to incor porating ecosystem
concerns into thefishery management process. A mgor role of thi scommitt ee has been to provide the Council
and stakeholde's withinformation on ecosystem-based fishery management in the North Pacific Ocean. While
afull understanding of North Pacific ecosystem dynamics remains beyond our grasp, theCouncil and NMFS
are striving to achievea better understanding of this systam and, in the interim, are attemptingto incorporate
what wedo know inthe fisheries management process.

Evauation

The NRC advocates ecosystem-based fishery management to achieve sustainability of fish resources.
Nevertheless, because ecosystem-based management is difficult to defing and as yet, there are no real world
examples where it has been specifically applied, the NRC tried instead to lay out lements of an ecosystem
approach. These elanents include ecosystem monitoring, monitoring of human sysems, application of
ecosystem principles, aoss-sectoral inditutional arrangements, large marine ecosystem approach, and a
precautianary approach. All these elementsare applied to management and research of Nort h Pacific fisheries.

However, improvements canbemadein al theseareas. Wear e dtill challenged to move towards a systemthat
explidtly acknowledges ecosystem-based management goalsin our guantitative assessment procedures.

A Precautionary Approach to Ded withUncertainty. Fisheriesaremanagedinanarenaof uncertainty
that includes an incomplee understanding of and ahility to predict fish population dynamics interactions
among species, effects of environmental factors on fish population, and effects of human actions. Therefore,
successful fishery management must incorporate and deal with uncertainties and errors. The committee
recommendsthe adoption of aprecauti onary approach in case of uncertainty. Management should be risk-
adverse. Although research and better information can reduce uncertainty to a degree, they can never
eliminate it (NRC 1999c).

The primary sources of scientific unceatainty in fishery managemert are theuncertainty about fishing effects
on ecosystems and the urncertainty assod atedwith stock assesanents. For stock assessnents, uncertainty can
be associated with catch statistics (e.g., observer estimation errar, migreparting), bidog cal parameers (e.g.,
maturity, mortaity, growth), resource assessment survey measurement error, and natural variability in
dynamics, suchas recruitmert.

In the North Pacific fishery management arena, uncertainty is dedlt with in several ways. In the case of

establishing acceptable harvest rates of fish, the ABCs are based on a system of tias, corresponding to
information availability on population dynamics parameers. The Pacific cod gock assessment went an
additional step of eval uatinguncertainty regarding specific model parameters. The ABC for the 2000 fisheries
was based on a risk-averse optimization pracedure that adjusts for uncatainty in the selectivity codficients
and natural mortality rate. Thistype of analysiswill likely be expanded toother assessmentsin comingyears.

Uncertainty regarding speciesinteractions, environmenta factors, and humanactions are addressedwith other
management measures. Regulatary changes that have to somedegree addressal these sources of uncertainty
include establishment of marine protected aress, the OY limit, the forage fish prohibition, making corals and

sponges prohibited species, spatia and tempora restrictions to reduce potential competition with marine
mammal s and seabirds.
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Evauation

The Ecosy stem Princi ples Advisory Pand , initsreport to Congr ess, noted that the Council hasgener dly acted
conservatively in the face of uncertainty (i.e., applying the precautionary approach) compared with the
decisions of othe regional fishery management councils (Ecosystem Principles Advisory Pand 1999).

Reducing Excess Fishing Capacity and Assignment of Fishing Rights. Excess fishing capacity
(fishing capacity isthe ahility to catch fish or fishing power) and over capitalization (capitaization, related
to capacity, is theamount of capital invested in fishing vessels and gear) reduce the economic efficiency of
fisheries and usually are associated with ovefishing. Sustainable gldbal reductions in fishing cgpacity are
of the highest priority to help reduce overfishing and to deal with uncertainty and unexpected events in
fisheries. Overcapacity is difficult to manage directly, and usually evolves in management regimes that
encourageunr estri cted competitionfor limited fishery resources. Consequently, managers and policy makers
shouldfocuson developingor encourag ng soci o-economi ¢ and other management incentivesthat discourage
overcapacity and that reward conservative and efficient use of marine resources and their ecosystems.

At the coreof today’ s overcapacity problem is thelack of, ar ineffective, definition and assignment of rights
in most fisheries. In addition, subsidies that drcumvent market forceshave contributed ggnificantly tothe
overcapacity problem in many fisheries. Therefore, the committee recommends for many fisheries a
management approach that indudes the devd opment and use of methods o allocation of exclusive shares
of the fish resourceor privilegesand responsibilities (as opposed to open competition) and the elimination
of subsidies that encourageovercapacity. A flexibleand adaptive approach is essentid, and careful attenti on
must be given to equity issues associated with such approaches. The committee recommends experimental
approach esto community-based fisherymanagement, i ncluding the deve opment of virtual communities. This
would include research into the estallishment of management groups in which participation is based on
sharedinterests in a fishery and its associated ecosystem, with dimi nished emphasis on where participants
live or their direct financial interests (NRC 1999c).

Thereis no doubt that the groundfish and crab fishing industriesin the North Pacific are overcapitdized due
to limited quotas and theracefor fish. TheNRC report (1999c) tends to link overcapacity with overfishing,

because some fisheries (e.g., New England groundfish and scallgps) have been traditionally managed with
effort controls, rather than quotas. Becausecatch islimited by TACsand crab guideline harvest levelsin the
North Pacific, overcapacity does not necessarily increase the potentid for ovefishing. However, participants
inovercapitalized fisheries can exert strong pressure for liberal catch quotas and other risk prone management

measures, though there has beenlittle evidence of that in fisheries under the Council’ sjurisdiction. Also, in

extreme cases excess harvesting capacity may shorten seasons to a poirt at which fishing quotas camot be
accurately monitored. The GOA pollock and BSAI crab fisheries are exarmples o fisheries in which quota
overages have occurred inthe North Pacific.

Overcapacity can also makeit mare difficult for managersto deal withunexpededevents. Thissituation may
be exacer bat ed when fishermen ar e limited to specific fisheries by licenses or endorsements. Fishermen have
no place to use their vessals (and ot her not-so-liquid asset) when the stock is in lower abundance, the market
drops, or unexpected events occur (eg., Bristol Bay sockeye samon fishery in 1997 to 1998). Often, the
political resporse to these situations is subsidies, which furthe exacebates the overcapacity situation. For
fisheries to be sustainable and economically stable, capacity must be balanced with resource availability.

The Courcil has developed several programs to address overcapacity inthefisheries. Groundfish and crab
management programs generaly limit the number of vesselsthat areallowvedto fish off Alaska. In addition,
halibut and fixed-gear sablefishare managed unde an indvidual fishing quota(IFQ) program, which doesnot
limit the number of vessds, but instead grants permission to individualsto harvest a specified percentage of
the TAC each year. Specific programs are reviewed below.
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Figure4.9-1 Trendsin number of groundfish fishing vessels, that caught groundfish off Alaska 1993
to 1997.

A moratorium on new vessd entry i nto the f ederally managed groundfish and crab fisheries was implemented
in 1996. The program is considered a placeholder, while more comprehensive management measures are
developed. Currently the owne's of 1,853 groundfish and 664 crab vessels hdd maratorium fishing rights.
In addition tolimiting thenumber of vessels the moraorium al 0 redricted eadch vessel' s length

Vesselsthat werelessthan 125 ft. length overall (LOA) may only be increased to 120 percent of their length
on June 24, 1992, or up to 125 ft. LOA, whichever is less; vessels that are 125 ft. LOA or longer may not
increasetheir length. Increasing avessal’s length could add harvesting capacity without increasing the number
of vessels.

The License Limitation Program (LLP) for groundfish and crab vessels was imp emented on January 1, 2000,
and replaces the vessd maratorium. The original LLP, approved in 1995, was intended as the second step in
fulfilling the Council’ s commitment t o devel op a compr ehensiveand rational management programfor fisheries
off Alaska. Amendmentsto that program approvedin 1998 tightenthe LL P andinclude additional restrictions
onvessd numbers and fishery cr ossover s. Addtional restrictionsunder development includeanindustry-funded
license buyback program for the crab fisheries and further gear and species endorsement restrictions for the
groundfish fisheries. Based on preliminary estimates of qualified vessels, the LLP should further reduce the
number of vessels digible to participate in the BSAI arab fisheries by morethan 60 percent compared to the
current vessel moratorium. The number of vessels predicted to be digible for groundfish licenses (2,435) is
greater than the numbe currently hold ngmoraorium permits (Figure4.9-1). However, the LL Pcarriesstricter
gualification standards, and many maratorium pamits were never daimed). The LLPwill bemorerestrictive
interms of areas avessel can fish and types of gear it can deploy. It is asoimportant to notethat the vast
maj arity of the vessels qualifying for the LLP are longline vessals less than 60 ft. LOA, and they are only
digibleto participatein Gulf of Alaska, (GOA) fisheries. These vessels have typically had relatively small
catch histariesin past years.
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The sablefish and hdibut 1 FQ programs provide good examples of how the Council is working to control
ovacapacity infisheries off Alaska. From 1975 to 1994 the central GOA hdibut fishing seasons decr eased
from approximatdy 125 daysto single day openings, while catchesinareasad. Faced with very short seasons
and increasing fishing effort, the Council passedan | FQ programfor both the halibut and fixed-gear sablefish
fisheries. T hese programs were initiated in 1995. After implementation, the fisheries changed from a short-
pulsefishery to onethat extends over sevaal months. 1FQs have alowed participantsto better match fishing
capacity with the amount of fish they are alowed to harvest during ayear. In recent years the numbers of
vesselsand persons have declired, evenas the TACs have beeninareasing.

The American Fisheries Act (AFA), passed in late 1998, among other things limited the number of harvesting
and processing vessels that would be allowed to participatein the BSAI pollock fishery. Only harvesting and
processing vesselsthat met specific requirements, based on their participation in the 1995-1997 fisheries will
beeligibleto harvest BSAI pdlock. Preliminary estimatesind cate that 21 catcher/processors and 120 cat cher
vessals qualify under the AFA. Nine large capacity catcher/processor s were retired from the fishery by the
AFA. Under thefishery cogperativestructurenow in place, not all 21 eligible catcher/processorsfished during
the 1999 latewinter and early spring pollock seasons. The AFA aso restricts eligible vessals from shifting
their effort into other fisheies. Sideboard measures, as they have becomeknown, prevent AFA digiblevessals
from increasingtheir catchin other fishaies beyond their average 1995-1997 leves. Sideboard restrictions
reducethe likelihood that the fishing capacity of AFA digible vessdswould beincreased to better compete in
those fisheries.

Evduation

The NRC encourages the assignment of rights in most fisheries to address overcapacity. It recommends
alocation of exclusve shares of the fish resource or privileges and responshilities (as opposed to open
competition) and the dimination of subsidies that encourageovercapacity. The IFQ program for halibut and
sablefishfisheries, together with themulti - speci es community devd opment quota (CDQ) programhave proven
successful at eliminating the racefor fish, reducing capacity, and decreasing casts. Fishery co-ops, dlowed
for the BSAI pollock fleet under the AFA, appear to have done much the same for that fishery.

Alternati ves to eliminate incentives for overcapacity should continue to be examined. T he primary alternative
to a compditive allocation process is share-basad or rights-based all ocation. T hese management systems
provide incentivesfor members of industry to reduce overcapitalization voluntarily. Traditionaly, regulations
have been implemented to limit the growth of specific elements of fishing capacity (i.e,, vessal length or
horsepowe). However, without the proper economic incentives, these types of redtrictions have been
circumvented and often proved to be ineffective in reducing fishing capecity.

Marine Protected Areas. Wherethey have been used, marine protect ed areas, wherefishing isprohibited,
have often been efectivein pratecting and rebuil ding ecosystems and popu ations of many (but not dl) marine
species. They often aso lead to increases in the numbers of fish and other species in nearby waters.
Importantly, they can provide abuffer against uncertainty, including management errars. Pamanent marine
protected areas should be established in appropriate locations adjacent to all the U.S. coasts. It will be
important to include highly productive areas-that is, areas in which fishing is good or once was-if this
management approach is to produce the greatest benefits.

Protected areas will make the most effective contribution to the management of species and ecosystem when
they areintegrated into management plans that cover the full life cycles and geographic ranges of the species
involved. Smaller, fixed protected ar eas will be most effective for species with life stages that are spent in
closeassociation with fixed topogr aphy in various stages of their lives. Wholl y or lar gely pelagic speciesmove
accardingto ocean curr entsor other factorsthat are not necessaril y related to fixedtopographi cstrucuresand
are thus likely to benefit less from small protected areas.

JANUARY 2001 CHAPTER 4 - DRAFT PROGRAMMATIC SEIS

4.9-10



Thedesign andimplementation of marine pr otected areas should involvefisher men toensurethat they believe
the resulting systems will protect their long-term interests and to improve operational integrity. Because
attempts to develop marine protected areas in the United States have been strongly opposed by some
fishermen, the broad involvement of usersis akey strategy. Current theory and experiences make clear that
marineprotected areasmust be established over asignificant portion of the fi shing groundsto have significant
benefits. Recent callsfor pratecting 20 percentof potential fi shing areas provide aworthwhil e ref erence point
for future consideration, and emphasi ze the importance of greatly expanding the areas currently protected.

Marine protected areas are not alternative to other techniques of fishery management and to the other
recommendationsin this report. They should be considered as only one of a suite of important ecosystem
approachesto achieve sustainablefisheriesand prot ect marine ecosystems. For marine protected areasto be
most successful as fishery-management tools, their intended pur poses must be clearly defined (NRC 1999c).

It has been long recognized that seafloor habitat isessential for maintaining productivity of fishery resources
Habitat that provides structural relief on an otherwise featureless bottom can be particularly important to fish
for foad, reproduction, and shelter from predators. Structural habitat includes boulders, corals, aneamones,
kelp, and other living or gani sms attached to the ocean bottom.

Becausefishinggear can disturb structural habitat, areas wherethis habitat type are knownto occur have been
protected by regulations. Vast areas of the North Pacific have been per manently closed to groundfish trawling
and scallop dredging toreduce paential adverse impacts on vulnerable and essertial habitat and to protect
juvenile crab. Other closures occur on a seasonal bads, and additional closures to nmobilefishing gear are
under congideration. A unique pair of nearshore pinnacles off Cape Edgecumbe in southeast Alaska has been
designated as the Sitka Pinnacles Marine Reserve and closed to groundfishand halibut fishing with all gear

types.

Thesemarine pratected areascomprisearelatively large partion of the continental shdf, and in many respects,
serve as marine reserves (Figure4.9-2). Inthe BaingSea, habitat area closures encompass about 30,000 nn.
To put thsinperspective, this areais larger than Indiana or Maine and mor e than twice the size of Geor ges
Bank off the east coag of the United States. The GOA closures encompass about 47,000 nm?, but a vast
majarity (about 80 percent) of this closure area is off the continentd shelf (greater than 200 nm). Some
environmental advocates and sciantists have suggested that marine resaves should beat |east 20 percent of
available habitat in order to be effective. The Bering Sea marine protection areas exceed this threshold by
encompassing about 25 per cent of the Bering Sea shelf areaswhere commercia quantities of groundfish could
betaken with bottam trawl gear. Existing GOA claosure areas encompass lessthan 10 percent of the trawlable
shelf area (NMFS 1999¢).

Evauation

The NRC (1999c) consi ders permanent marine protected ar easto be an impor tant and useful tool for fi sheries
manage's. Marine protected areaswould provide a hedge againgt uncertainty, provide habitat protection, and
allow for spedesand ecosystem protection.

The NRC defines marine protected areas as those where all fishing is prohibited. Furthermore, the NRC
suggeststhat 20 percent of thepotential fishing areabeconsidered for marineprotected areas. NRC states that
theseareas can lead toincreasesinthe numbers of fish and other speciesin near by waters. However, it remains
to be seen whether these benefits would be redlized in open accessfisheries, which can incr ease effort adjacent
to protected areas and paentially negate the gains.
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Figure4.9-2 Year-round trawl closure areas established to protect fish and crab
habitat. Source: NMFS

Existing no-trawl zones comprisearelatively large portion of the continental shelf. Thethree Bering Seaarea
closures (Pribilof Islands, Bristol Bay and Red King Crab Savings Area) total about 30,000 nm?, which
encompass about 25 percent of the Bering Sea shelf where commercial quantities of groundfish can be taken
with bottom trawl gear. The GOA closures encompass about 47,000 nm?, but a vast majority (about 80
percent) of thisareais off the continental shelf (greater than 200 nm). Additional no trawl zonesinclude the
Steller sealion rookeries and haulouts. The 2.5 nm? Sitka Pinnacles Marine Reserves, established in 2000,
prohibits all groundfish and halibut fishing but allows recreational and commercia fishing for salmon.

Closing some productive areas to all gear types could be considered as an additional form of insurance.
Habitat areas of particular concern (HAPCs), such as deep water coral reefs, could be evaluated for potential
marine protected areas. The Council isreviewing an amendment that would set up a comprehensive, iterative
approach for future HAPC identification and habitat protection. The approach would involve researchers,
stakeholders, and management agencies. Meetings are planned in Sitka, Y akutat, and alocation representing
the western Aleutian Idands, in the fall of 2000 to discuss gorgonian coral protection measures.

Bycatch and Discards. Bycatch and discards add to fishing mortality and should be considered as part of
fishing activities rather than only as side effects. Estimates of bycatch should be incorporated into fishery-
management plans and should be taken into account in setting fishing quotas and in understanding and
managing fishing to protect ecosystem and nonfished ecosystem components. Reducing fishing intensity on
target species can reduce bycatch, often with no long-term reduction in sustainable yield. In some cases,
technological developments and careful selection of fishing gear (e.g., bycatch-reduction devices) can be
effectiveinreducing bycatch, and thoseoptions should encouraged, devel oped, and required whereappropriate.
More information is needed on discards and on bycatch and their fate (i.e., whether bycatch is retained or
discarded and whether discards survive or die) (NRC 1999c).

Theissues of bycatch and discards of fish resources stem from social, economic, and conservation concerns.
From an ecosystem perspective, mortality of unwanted and prohibited species may reduce spawning potential,
reduce biodiversity, ater regular paths of energy flow and balance, enhance the growth of scavenger
populations, and add uncertainty to estimates of total removals.
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The NRC raises conservation concer ns for world fisheries where bycatch and discards are treated as side
effects of fishing. Fortunately, however, in theNorth Pacific, thisis not a problem. All bycatch and discar ded
groundfish are counted toward the TAC established for individual stocks that are presently managed.
Additiondly, because observers sarmple the ertire catch, nat just the retained portion, the information on
bycatch and discardsis available and is drectly incorporated into the annua stock assessments of managed
Species.

Fish are discarded for two reasons. ether because regulati ons require that they be thrown back (prohibited
species), or they are unwanted for market reasons. Prohibited species are economicaly important non-
groundfish species. Bycatch management measur esimplemented for groundfish fisheries of the eastern Bering
Sea have aimed at reducing the incidental capture and injury of these economically important gpecies
traditionally harvested by other fisheries. These species include crab, herring, halibut, and salmon.
Collectively, these species are caled prohibited species, because they cannot be retained as bycatch in
groundfish fisheries and must be discarded with a minimum of injury.

Bycatch controls on prohibited speci eswere instituted on foreign groundfish fisheries prior to passage of the
Magnuson- Stevens A ctin 1976 and havebecome morerestrictivein recent years (Witherell andPautzke 1997).
Bycatch limits are apportionad to ecific groundfish targe fisheries, and attainment of any apportionment
closes that groundfishtar get fishery for theremainder of theseason. Bycatch limitsfar 2000 BSAI groundfish
trawl fisheiesincluded 3,675 mt of halibut nortality, 1,853 mt of herring, 97,000 red king crabs, 3,350,000
bairdi Tanner crab, 4,350,000 opilio Tanner crab, 48,000 chinook salmon, and 42,000 other salmon These
limitsequated to about 0.1 percent of the red king crab and opilio Tanner crab populations, 1 percent of the
bairdi Tanner crab population, 1 percent of the herring biomass, and 1.5 percent of the halibut biomass. The
impact of salmon bycatch on Alaska salmon populations remains unknown, but is thought to be lessthan 1
percent of thechum salmon population, and on the order of 2 percent to 4 percent of the adult chinook salmon
population. To reduce the inpact of bycatch on chinook salmon population, bycatch limits will be
incrementally reduced to 29,000 chinook salman by theyear 2003.

In the North Pacific, discards of unwanted groundfish (so-caled economic discards) result when fishermen
do not have markets, sufficient equipment, time or the economic incentive to retain and process the catch.
Section 313 of the M agnuson-Stevens Act requir e that the Council develop management measures to reduce
the level of ecoromic discards in the groundfish fisheries off Alaska. The Council adopted an improved
retention and utilization (IR/IU) program for all groundfish target fisheies in order to reduce groundfish
economic discards. It was implemented in 1998 under Amendments 49/49 to the FMPs. All discards of
pollock and Pacific cod were prohibited under the program only fish not fit for human consumption can be
legaly discarded. This measure has dramatically reduced overall discards of groundfish (Figure 4.9-3). For
example, in 1997, about 22,100 mt of cod (8.6 percent of the cod cat ch) and 94,800 mt of pollock (8.2 percent
of the pollock catch) were discarded. 1n 1998, discards amounted to only 4,300 mt of cod (2.2 percent) and
16,200 mt of pollock (1.6 percent). A regulation requiring full retention of all demersal shelf rockfish speci es
(e.g., ydlow-eyerockfish) was adopted in 1999.

The cod and pollock retention requirements of the IR/IU program are the first step. 1n 1999, with IR/IU in
place, 125,500 mt of groundfish was discar ded inthe BSAI, or about 6.9 per cent of the total groundfish there.
In the GOA, the discard was 25,000 mt of groundfish, or 11 percent of the tota GOA groundfish catch.
Although thesediscar d rat es are muchlowe than most of theworld sgroundfish fisheries, whichaverageabout
19.9 percent discards, and although the discar ds ar e deducted from the TAC, the sheer volume of discardsis
gtill troublesome to many people who conside economic discards as wage of food and as having an
unnecessary impact to the ecosystem. BSAI rock sole and yellowfin sole and GOA shallow wate flatfish
retention will be required beginning in 2003. T he delay alows for development of new markets and
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Figure 49-3 Total discard rates of Alaska groundfish, all areas and species combined,
1993-1998, with projections through 2003.

technological developmentsin gear by vessels engaged inthese fisheries. Theseretention requirements are
expected to reduce overall discard rates to about 5 percent.

In addition to bycatch limits, gear restricti ons and other regulatory changes have dso been implemented to
reduce bycatch and waste. Biodegradabl e panels are required for pot gear to minimize waste assodated with
so-called ghost fishing of lost gear. T unnel openingsfor pot gear arelimited in size toreduceincidental catch
of halibut and crabs. Gibletsfor groundfish have been prohibited to prevent ghost fishing and reduce bycatch
of non-target species. With the implementation of an IFQ system for halibut and sablefish |ongline fisheries
in 1995, bycatch and waste were reduced becausetheracefor fishwas diminated, allowing for more selective
fishing practices and significant reductions in actual gear deployment and loss. The emergence of
fisherycooper atives in the BSAI pollock fishery in 1999 has aso led to a reduction in bycatch through
diminating the economically wasteful race for fish. The discard rate of pollock in the offshore component of
the fishery declined from about 2.4 percent to 0.5 percent in 1999 when pollock cooperativeswereinitiated in
the BSAI. Under fishery cooperatives, vessels have an increased economic incentive to incr ease the utilization
of their catch because they are no longe constrained by time. BSAI Amendment 57, finalized in 2000,
prohi bited the use of nonpelagic trawl gear for vesselstar geting pollock in the Bering Sea, and concomitantly
reduces allowable prohibited species bycatch of halibut and arabs.

Waste of salmonand halibut has been reduced by alowing bycatch of dead fish to be doreted to food barks.
The food banks in turn distribute the fish to needy people in the northwester n United States. Many fishing
companies voluntarily participate in the donation program. Through 1998, over 3 million pounds of donated
fish produced an estimated 12 million meals for needy pasons.

A variety of ahe bycatch and discard reduction programs are curently unde analysis or development,
including proposal s including gear research and bycatch reductionincentives, and aproposal for anonpelagic
trawl prohibitionin Cook Irlet.
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Evauation

Numerous regulations have been implenented to reduce bycatch and discar ds of groundfish and crabs. Itis
unlikely that discarding can be significartly reduced below the 5 peacent rate projected under current
regulations, without requiring full retention of fish species unwanted for human consumption. Inother words,
afull retention requir ement for sculpins and othe spedeswould likely result in less discards, but more fishmeal
production. Bycatch and discard of crabs, halibut, and herring is afunction of regulations. If full retention of
all species was required, there would be virtually no bycatch or discard.

I nsti tutions

Effective fishery management requires structures that incorporate diverse views without being compromised
by endless negotiationsor conflicts of interest. Thecommittee recommends developing i ngtitutiona structures
that promote

e effective and equitable reduction of excess capacity,

e sustainablecatches o targeted species,

e expansion of thefocusof fishery management toindudeal | sourcesof environmentd degradati on that
affect fisheries,

e cond deration of the ef fects of fishing on ecosystem,

e development and implementation of effective monitoring and enfor cement, and

e thecollection and exchange o vital data.

To achieve these goals, the spatial and temporal scalesat which theinstitutional structures operate should
better match those of important pr ocessesthat affect fisheries. Participationin management should be extended
to al parties with significart interests in marine ecosystems that contain exploited marine organisirs.
Institutions should dlocate sharesin or rightstofisheries, rather than allowing gpenly compeitiveallocations.
The clear explication of management goalsand objectivesisaprerequisiteto achieving effective and equitable
management.

The Council isone of eight regional councilsestablished by the Magnuson-Stevens Act to manage fisheriesin
the 200-mile Ex clusive Economic Zone (EEZ). The Council primarily manages groundfish in the GOA and
BSAI, includi ng cod, pollock, flatfish, mackerd, sablefish, and rockf ish speciesharvested mainly by trawle's,
hook-and-line longliners and pot fishemen. The Council also makes limited entry dedsions for halibut,
athough the U.S.-Canadal nternational PaaficHalibut Commission (IPHC) bi ologically managesther esour ce.
Other large Alaska fisheries such as samon, crab, and herring are managed primarily by the Alaska
Department of Fish & Game (ADF&G). For amore detailed description of the M agnhuson-Stevens Act and
the regulatory process, refer to Section 2.7.8.

The Council has eleven voting members, six from Alaska, threefrom Washington State, one from Oregon, and
afederal represmtative, the Alaska Regional Administrator of theNMFS. Voting members represent date
fisheries agencies, industry, fishing communities, and academia. The Courcil’s four nonvating members
represent the U.S. Coast Guard (USCG), U. S. Fish and Wildlif e Service (USFWS) and Department of State,

and the Pacific States Marine Fisheries Commission. The Coundl’s staff of twelve resides in Anchorage,

Alaska. The Council receives advice each mesti ng from a 23-member Advisory Pand (AP) repr esenting user

groups, environmentalists, recreational fisher men, and consumer grou ps, and from a 13-member Scientific and
Statistical Committee (SSC) of highly respected scientistswho review all information brought to the Council.

For a moredetailed description of theregulatory process, refer to Sedion 2.7.8.
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Each Cauncil decision is made by recarded votein public forumafter public comment. Final decisions then
go to NMFS for a second review, public commert, and final approval. Decisions must conform with the
Magnuson- Stevens Act, the National Environmental Protection Act (NEPA), Endangered Species Act (ESA),
Marine Mammal Protection Act (MMPA), and ather applicable laws including several executive ordes.
Regulatary changes may take up toayear or longer toimplanent, particularly if complex or contentious.

Evaduation

The Council has worked successf ully to achievethe goa of sustainablefisheries. Thestructureof the Coundl’s
numerous committees (e.g., AP, SSC, Plan Teams, Ecosystem Committee) allowsfor incor poration of diverse
views frominterested parties. The Cauncil coordinates activities with other irstitutions including theNMFS,
IPHC, ADF& G, USFWS, USCG, andothes. Individual stock assessment advice provided to the Council
groups may also require broader participation from the scientific communities involved in protected species
and essential fish habitat research, for exkample This broader participation would lead to a comprehensive
assessment pracess that explicitly takes ecosystem-based factors irto account.

Information Needs - Better undeastanding is needed far the gructure and fundioning of marine
ecosystems, includi ng the role of habitat and the factors affecting stability and resilience. Thisincludes
attemptingto understand mechanismsat lower levels o organization (i.e., populations and communities),
long-term research and monitoring programs, development of modd s thatincorporate uncbservedfishing
mortality and environmental variability (e.g., El Ni fio events) into fishery models, multi speciesmodels, and
trophic models. More research isaso needed on the biologi cal effects of fishing, such asthe alteration of
gene pools and population structures as a consequence of fishing. More research is needed on the
condtions under which marine protected areasare most effective, and marine protected ar eas themsel ves
shoud beused as research tods aswell as for conservation.

Moreinfarmation is needed on the efects and effedivenessof variaus forms o rights-based management
approaches and other management regimes, on theway people behave in response todifferent economic
and socia incentives, and on barriers to cooperation and sharing of information. The committee
recommends research into the rdes o cammunities in fisheries management, including the use of
community-based quotas and aher assignments of rights to communities, and explorations into the
feasibility of granting management r esponsibili ties to those engaged in a particul ar fi shery, regardless of
their geographic community (“virtual communities’) (NRC 1999c).

Whilethefisheriesin the North Padfic are managed with the best available sci ence, there is an ongoing need
to inarease current understandng of the bidog cal and sodoeconomic factors in the fisheries. Thereis also
a mandate to achieve some level of understanding of oveall ecosystem dyramics and incarporate that
understanding in our management approach. Each year, with input from its Groundfish and Crab Plan T eams
and its SSC, the Council compiles and forwards to NMFS alist of research prioritiesin six specific ar eas of

study:

Stock Assessments
Stock Surveys

Ecosy stlem Studies
Socioeconomic Research
Bycatch Reduction and
Fishery Monitoring

SouhhwnNE

Each general study area contains numerous specific research recommendations aimed either at strengthening
basic hiologica understanding of specific fish species; embracing the concept of ecosystem management and
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responding accordingly; gaining better knowledge of the impacts of alocation decisions; or improving the
system of monitoring fisheay removals and associated i mpacts.

Specific examples of current high priority research needs include the following:

e Continuing research on pollock stock structure, including impacts to the overal resource from
removals in the transboundary area beween the U.S. and Russia.

e Identification of the orign of chum and chinook salmon bycatch in the groundfish fisheries.

e Methodologes far incorporating uncertainty in stock assessments.

e Studies of the dfects of fishing on benthic habitat and overall ecosystem, utilizing closed areas as
experimental controls.

e Studies ontrophic dynamicsand speciesint eractions among fisheries, marine mammals, seabirds, and
forage fish populations.

* Timeseries dataon economic parametesin thefisheries, including fixed and variabl e costs associated
withfishing and processing, prices, invertoriesandexports, ownership patterns, employment patterns,
and location of experditures far goods and services.

e Comprehensive research to identify and quantify the linkages between fisheries and the economic and
social lifein coastal communities.

* Research on gear modification and other methods to reduce bycatch or minimize mortality.

e Ongoing analysis of theaccuracy and precision of catch estimates in the fisheries.

e Deveopment of catch and bycatch sampling procedures to suppoart programs o individual
accountability for bycatch.

¢ Research on the linkages between fisheries and Steller sea lion recovery, including evaluation of
impacts of no-trawl zones.

Evauation

The NMFS Alaska Fisheries Science Center, dong with other ingtitutions such as the University of Alaska,
ADF&G, the Prince William Sound Science Center, and others have al been doing ecosystem level research.
Thisresearchis expededto continue at about the current level.

492 Ecosystem I mpacts of the Alternatives

Fishing has the potentia to influence ecosystemsin several ways. Fishing may dter the amount and flow of
energy in an ecosystem by removing energy and alt ering energetic pat hways though the r eturn of discardsand
fishprocessing offal back intothe sea. Therecipients, locations, and formsof thisr etur ned biomassmay differ
from those in an unfished system. Sdectiveremoval of species and sizes of organisms has the potertial to
change predator -prey relationships and community structure. Introduction of nonnative species may occur
through emptying of ballast water in shipsfrom other regions(Carlton 1996). Thesespeciesintroductionshave
the potential to causelar ge changes in community dynamics. Fishing can ater different measur esof diversity.
Speciesleve diversty, or the number of spedes, can be dtered if fishing essentially removes a species from
the system. Fishing canalter functional or traophic dversity if it sdectively removes atrophic guild member
and changes the evemess with which biomass is d stributed among a trgphic guild. Certain species, suchas
pollock, are a acentral position in the food web and their abundance is an indicator of prey availability for
many species. Fishing can alter geneticlevel dvesity by sdectively removing faster growing fish or removing
spawning aggregrations that might have different genetic characteristics than ather spawning aggregatiors.
Fishing gear may ater bottom habitat and damage benthic organisms and communities (a topic covered in
Section 4.7).

CHAPTER 4 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

49-17



Much hasbeen written about possible indicators of ecosygemstatusin regponse to perturbations (e.g,, Odum
1985, Pauly et al. 1998, Rice and Gislason 1996, Mur awski 2000). Theseindices can show changes in energy
cycling and community structure that might occur due to some external stress such asclimate or fishing. For
example, fisheries might selectively remove older, more predatory indviduals. Therefore, one would expect
to see changes in the size diversity spectrum (the proportion of animals of various size groupsin the system),
mean age, or proportion of r-strategists (faster growing, more fecund species such as pollock) in the system.

Thesechangescanincreasenutrient tur nover ratesbecauseof theshift towardyounger, sma ler or gani smswith
higher turnover rates. Tota fishing removas and discards also provide a measure of the loss and redirection
of energy in the system due to human influences. T otd fishing removals rlative to total ecosystem energy
could indicate the importance of fishing remova sas asource of energy remova in an ecosystem. Changes in
scavenger populations that show the same direction of change as discards coul d be an indicat or of the degree
of influence dscards haveon the system Discards asa proportion of tatal natural detritus would also be a
measure that could indicate how large discards are relative to other natural fluxes of dead organic material.

Levelsof total fishing removal or fishing effort could also indicate the potential for introduction of nonnative
species through ballast water in fishing vessels Fishing practices can selectively remove predator s or prey.
Tracking the change in trophic level of the catch may provide information about the extent to which thisis
occurring (e.g., Pauly & al. 1998). Thus, measures of total catch, total discard, and irformation abaut the
changing meansizeof organisms will be used toindicate the potential of eachalternativetoimpact ecosystem
eneagy flow and turnover.

Total catch and trophic level of the cat ch will aso provideinformation about the patertial to dsrupt predator-
prey relationships through introduction of nonnative species or fishing down the food web through selective
removal of predators. Angermeier and Karr (1994) also recognized that an important factor affecting the
trophic baseis spatial distributionof the food. These factors will be evaluated to deter mine the potential of
each altenative todisrupt predator-prey relationships.

The scientific literature on diversity is somewhat mixed about what changes might be expected due to a
stressor. Odum (1985) asserts that species divesity (number of species) wauld decrease and daminance (the
degree to which a parti cular species domina ed in ter ms of numbers or biomassin the system) would increase
if origiral divesity was high, while the rever'se might occur if original diversity waslow. Geneticdiversity can
a sobeatered by humansthrough selectivefishing (removal of faster growing individuals or certain spawning
aggregations). Accidental releases of cultured fish and ocean ranching tends to reduce genetic diversity
(Boehlert 1996). Morerecently, thereis growing agreement that f unctiona (trophic) diver sity might bethekey
attributethat lends ecosystem stability (seereview by Hanski 1997). Thistypeof dvesity ensures thae are
sufficient number of species that perform the same function so that if one species declines for any reason
(human or climate-induced), then other species can nmaintain that particuar ecosygem fundion and less
variability woud occur in ecosygem processes. Howeve, measures o diverdty aresubject to bias and how
much changein diversity isacceptableisnot really known (Murawski 2000). Furthermore, diversity may not
be a sensitiveindicator of fishing fects (Livingston et al. 1999, Jennings and Reynolds 2000). Noneheless,
the possible impacts the adternatives may have on various diversity measures will be assessed.

Quantitative measures of some of the indicators mentioned above have been summarized for each of the
aternatives. These includetotal catch, trophic level of the catch, total discards, tatal groundfish biomass,
divesity (Simpson’s richness index), trophic level of groundfish biomass, and amount of pollock or other
forage for the BSAI and GOA (Table 4.9-2). For each aternative, the possible impacts are addressed for on
(1) predator -prey relationships, including introduction of nonnative species; (2) energy flow and redirection
(through fishing removals and return of discards to the seq); and (3) diversity, using a system of ranking the
changes seenintheindicators for each aternative, with postive ranksgiven to beneficial directions of change,
negative ranks gven to drections of change that would provide less protection, and zeros given to neutral
changes (Tables 4.9-3 and 4.9-4). The summary tables contain an ordina index for each of several types of
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potential effects of each alternative relative to Alterrative 1. Theindex is represented by the values {-2, -1,
+0, +1, or +2} . Anindex value of +0 indicates that there is no expected change relative to Alterretivel. A
negative index valueindicates that theimpact of the altenative is expected to beworsethan Alterrativel. A
positive index value indicates that the impad of thealternative is expected to be better than Alternative 1.
Since the index values only contain ordina information, they can only be used to makeordinal comparisons.
For exampl e, anindex value of +2 isbetter than a vaue of +1, butitisnot true, in genera, that a+2 istwice
asgoad or twiceaslargeasa+1. Inshort, theindex values aresimply place holdersthat repr esent an ordering.
A completel y equivalent ordering could berepresented by a, b, ¢, d, ore. Therefore, it isnot possible to obtain
meaningful summary information by performing numerical operations (e.g., add or subtract index values or
calcuatetheir ratios) using twoor more o theindex values.

4921 Effects on Predator-Prey Relationships, Including Introduction of Nonindigenous Species
Alternative 1

Asnoted earlier, fisheriescanremove predators, prey, or competitorsand thus ater predator- prey relatiorships
relative to an unfished system. Studies from other ecosystems have been conducted to determine whether
predators were controlling prey populations and whether fishing down predators produced a corresponding
increasein prey. Similarly, the examination of fishing effects on prey populations has been corducted to
evaluate impacts on predators. Findly, fishing down of competitors has the potential to produce species
replacemertsintrophic guilds(seereviews of al these effectsinHa | 1999b). Evi dencefr om other ecosystems
preserts mixed results about the possible importance of fishing in causi ng population changes of the fished
species’ prey, predators, or competitors. Some studies showed a relationship, while others showed that the
changes weremorelikdy dueto direct environmental influences on the prey, predator or competitor species
rather than a food web effect. Thus, fishing does hav e the potential to impact food webs but each ecosystem
must be examined to determine how important it is for that ecosystem.

Mogt of the work on predator -prey relationships in the BSAl and GOA regiors has been danein the eastern
Bering Sea. Evidence from modeling studies and examiration of trophic guild changes (see Section 3.9)
suggest that under Alternative 1, there is no clear evidence of fishing as the cause of species fluctuations
through food web eff ects. Multigpecies modelshave shownthat dthough camibalism can explain alargepart
of the density-dependent part of the stock r ecruitment relationship for pollock (that is, the declineinrecruitment
observed at high spawne biomasses), most of the overall variability in stock and recr uitment is not explained
by predation (Livingston andMethot 1998). Pollock isakey prey species of many target and nontar get species
in the Baing Sea and GOA (Livingston 1989a, 1994) and has a certral position in the food webs of those
ecosystems. Modeling of predation on pollock in the eastern Bering Sea and GOA (L ivingston and Methot
1998, Livingston and Jurado-Molina 1999, and Hollowed et a. 2000) shows that dffeent predators may be
the most important source of predation mortality during different time periods. For example, Steller sea lion
predation on pollock in the GOA was more important in earlier years but the most important current source
of predation mortality on pollock is now from arrowtooth flounder. Population levds of some of these
predators such as arrowtooth flounde appear unrdated to fishing removals but are more linked to
envirormental forces that favor the production of these species (Hollowed et a. 1998). Similarly, the
fluctuations observed in species composition of trophic guilds (Livingston et a. 1999) do not appear to be
related to fishing removals of competitorsor prey, when analyzed at the aggregated levd far thewhdeeasten
Bering Sea. Measures of pelagic forage abundance in the gatus quo indicate in the short termthat from 2001
to 2005, the fraction of pdlodk intotal groundfish biomassis predicted to increase 6 percent in the BSAl and
29 percent inthe GOA. These are substantia increasesfor pollock abundance, particularly in the GOA, and
would be cond dered a significant positive effect of the saus quo on the environment in the short term.
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However, the above analyses did not consider space and time removas of prey by fisheries. Concentrated
fishing removal s of key prey speciesin space and time has been of concern in the status quo regime and time
and area closures haverecently been implemented to attempt to remedy the possible effects of these removals
on predator species, particularly Steller sea lions. There hasnot been sufficient obsavationtimeto evaluate
the effectiveness of these closures in protecting prey availability to predators, though presumably they have
abereficial effectin theshort termif predatorsare prey limited, particularly for predator s seeking commercial-
sized preyinthe closed areas Until the effectiveness of the present closuresis seen, the impact of the present
regime in concentrating removals of prey in space and time is considered to have a conditionally significant
advese effect.

Fishing can selectively removefish eating predatorsthen move down the food web and beginremovingthe next
trophic level down such as plankton feeding fish. This process is known as fishing down the food web.
Trophic levd of thefish and invertebrate catch fromthe BSAI, and GOA was estimat ed from the 1960s to the
present (Queirolo et al. 1995, Livingston et al. 1999) to determine whethea such fishing down efects were
occurring. Trophic level of the catch in all three ar eas has been relatively high and stable over the last 30 or
moreyears. Thereisno evidence from the present fishery management regime that this fishing down the food
web processhasoccurred. Trophicleve of the catch under Alternative 1 isnot expected to change appreciably
(Table4.9-2), withchangesof 1 percent or less predicted between 2001 and 2005.

Speci es compos tion of the cat ch indicates that some predatory populations such as arrowtooth flounder have
been lightly exploited and the focus over ti me has been on mixed fish and invertebrate feeders such as pollock
and cod. Protection of forage species fromdirectedfisherieswas implemented inrecent years andthishasalso
reduced the possibility of fishing down the food web under the statusquoregime The biomass of pollock, a
key prey species, inthe groundfish biomass ispredicted to incr easein the short-term under Alter native 1, with
a 12 percent and 47 percent increase in the BSAI and GOA, respectively over 2001 to 2005. Changesin
functional gpecies composition might be indicated by changes in divesity of the groundfish community. No
appreciable changes in the trophic level of the groundfish biomass are seen in the Alternative 1 from 2001 to
2005 (Table4.9-2). Thus, withregard to removal of top predators, the present regime is considered to have
an indgnificant effect on the environment.

Fishing vessds and vessds supporting fishing operations have the potentia to disrupt predator-prey
relationshipsthroughthe introduction of nonindigenous species. These introductions occur when ship ballast
water containing live organisms is obtained outside a region and is releasad into fisher'y managemert areas.
Vesselsalso haveorganisms fouling their hullsthat can betranspor ted between regions. These organismshave
the potential to cause lar ge alterations in species composition and dominance in ecosystems (Carlton 1996).
Recent work done primarily in Port Valdez and Prince William Sound shows that biological introductions of
nonindigenoussped eshas occurr ed, athough these introductions cannot beascribedtoaparticular vessel type,
such as oil tarkers or fishing vessels (Hines and Ruiz 2000). There have been 24 species of nonind genous
species of plants and animals documented primarily in shallow water marine and estuarine ecosystems of
Alaska, with 15 species recorded in Prince William Sound. One example of a likely introduction is the
predatory seagar Asterias amurensis which isfound in other areas of Alaska but has not previoudy been
found in Cook Inlet. These predatars have the potential to have a major impact on benthic communities.
Impacts from these introductions have not yet been observed in Alaskan waters, but because they could
potentially produce lar ge-scale changesin predator -prey interactions and species composition they arejudged
to have a conditionally significant efect on the envirorment.
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Table 4.9-2

Indicaors of Amountsof Energy Remova and Rediredion and Trophic Position of Removas for the Eastern Bering Sea and
Aleutian Islands and the Gulf of Alaska for the Alternative 1 and Pe cent Change Between Other Alter natives for 2005

Alternative 1 Percent change from Alternative 1 in 2005
Indicator
Percent | 2.1 2.2 3 4.1 4.2 5 6.1 6.2
2001 2005 change

BSAI

. a 1,743,728 | 1,739,018 <1 -20 -80 -10 -10 -14 <1 1 16
Total catch biomass (mt)
Trophic level catch 3.73 3.73 <1 <1 -1 <1 <1 <1 <1 <1 <1
Discards (mt)® 159,708 117,069 -28 -15 -57 3 3 -6 -3 40 26
Total groundfish biomass (mt) 17,696,828 18,7?6,59 6 7 29 3 4 5 <1 <1 4
Simpson’s richness index® 3.6 3.3 -8 -4 -13 -3 -5 -4 1 <1 1
Total pollock 8,493,650 | 9,532,480 | 12 10 | 34 | 6 7 7 | <« | <« | s
biomass (mt)
Trophic level total groundfish biomass 3.68 3.68 <1 <1 <1 <1 <1 <1 <1 <1 <1
GOA 228,048 286,154 25 -33 -54 -14 <1 <1 <1 1 24
Total catch biomass(mt)*® ' '
Trophic level catch 4.01 3.97 -1 <1 -2 <1 <1 <1 <1 <1 1
Discards (mt)® 46,123 47,338 3 -7 -16 -2 1 -1 -4 -3 36
Total groundfish biomass (mt)® 3,326,535 3,811,909 15 7 9 3 <1 <1 1 <1 -4
Simpson’s richness index* 3.0 3.1 3 2 3 1 <1 <1 <1 <1 -1
Total poliock 777,449 | 1,146,170 | 47 14 | 17 | 6 <1 | <1 | <« | <« | 7
biomass (mt)
Trophic level total groundfish biomass 4.17 4.15 <1 <1 <1 <1 <1 <1 <1 <1 <1

Notes:

®Total catch biomass (in metric tons)includestarget and non-target species, including prohibited species. Prohibited species catches that aretypically
reported in numbers were converted into weight using 1999 observer data on total weight and numbers of each prohibited species category to derive
a mean individual weight which was then applied to estimated catch from the catch projection model.

®Discards include managed species dis cards, prohibited species, and other species. Alternative 1 assumes discards of yellowfin sole and rock sole
in the BSAI and shallowwater flatfish in the GOA would not occur beginning in 2003, when theimproved retention requirements for those species would
begin.

‘Includes only species that are analyzed using single species age-structured models.

“This index is estimated from the biomasses of the groundfish species that are analyzed using age structured models using the following formula:
¢1/Y p* where p = proportion of each groundfish species biomass relative to total groundfish biomass.

BSAI — Bering Sea and Aleutian Islands GOA - Gulf of Alaska mt — metric tons
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Table4.9-3

Scoring Systemfor Effeds of the Alter natives on Predator-Prey Relationships, Energy Flow and Balance and Diver sity

Issue

Effects

Score

-2

-1

+0

+1

+2

Predator-prey
relationships

1. Pelagic forage
availability

Large decreasein
total pollock or other
key forage abundance
(greater than10
percent)

Decrease in total
pollock or other key
forage abundance
(5 to 10 percent)

No change in total
pollock or other key
forage abundance
(less than 5 percent
change)

Increase in total
pollock or other key
forage abundance
(5 to 10 percent)

Large increasein
total pollock or other
key forage
abundance (greater
than 10 percent)

2.  Spatial and
temporal
concentration
of fishery
impact on
forage

Greater temporal and
spatial compression

Greater temporal or
spatial compression

Same temporal and
spatial fishery
distributions on key
forage (pollock, Atka
mackerel)

Less temporal or
spatial compression

Less temporal and
spatial compression

3. Removal of top

Trophic level of

No change in trophic

Trophic level of catch

predators catch relative to level of catch relative | relative to trophic
trophic level of to trophic level of level of biomass is
biomass is higher biomass lower
4. Introduction of | Much higher total Higher total catch No change in total Lower total catch Much lower total
nonnative catch (greater than 10 | (5 to 10 percent) catch (5 to 10 percent) catch (greater than10
species percent) percen)
Energy flow 1. Energy re- Much higher discards | Higher discards No change in Lower discards Much lower discards
and balance direction (greater than10 (5 to 10 percent) discards (5 to 10 percent) (greater than10
(discards) percent) percent)

2. Energy removal
(catch)

Large increase in total
catch (greater than10
percent)

Increase in total
catch (5 to 10
percent)

No change in catch
removals

Decrease in total
catch (5to 10
percent)

Large decrease in
total catch (greater
than 10 percent
decrease)
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Table4.9-3 (Cont.) Scoring System for Effects of the Alter natives on Predator -Prey Relationships, Energy How and Balance and Diver sity

Score
Issue Effects
-2 -1 +0 +1 +2
Diversity 1. Species diversity | Less stringent policies | Less stringent status quo policies More stringent More stringent
for the protection of policies for that protect policies for protection | policies for protection
many ecosy stem protection of a few | ecosystem of a few ecosystem of many ecosystem
components ecosystem components components components
components

2. Functional
(trophic)
diversity

Increased levels of
fishing-induced
changes in
functional diversity

Same levels of
fishing-induced
changes in functional
diversity

Reduced levels of
fishing-induced
changes in functional
diversity

3. Genetic
diversity

Increased fishing
on spawning
aggregations or
larger fish

Same levels of
fishing on spawning
aggregations and
larger fish

Decreased fishing on
spawning
aggregations or
larger fish
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Table4.9-4 Assessment of the Impact of the Alternative 1 on the Environment and Summary of Scores for Each Alternative,
Reflecting Relative L evels of Protection for Predaor-prey Relationships, Ene gy Flow and Balance, and Diver sity

Alternatives®
1° 2 3 4.1 4.2 5 6.1 6.2
Species, Species Groups, and
Effects
2.1 2.2

Predator-prey relationships
Pelagic forage availability S(+) 1 2 1 1 1 1 0 -1
Spatial anql temporal CS(-) 2 2 -1 1 1 1 2 -2
concentration
of fishery on forage
Removal of top predators NS 0 0 0 1 1 0 0 0
Introduction of nonnative species CS(-) 2 2 2 1 2 1 0 -2
Energy flow and balance
Energy redirection (discards) NS 2 2 0 0 1 1 -2 -2
Energy removal (catch) NS 2 2 2 2 2 0 0 -2
Diversity
Species diversity CS(-) 1 1 2 2 2 2 0 -2
Functional (trophic) diversity NS 0 0 0 1 1 1 0 0
Genetic diversity NS 1 1 1 1 1 0 0 -1

Notes: #Scoring of status quo impacts: Not Significant — Nonsignificant im pact; S (+ or -) = Significant beneficial or adverse impact; CS(+ or -) = Conditionally
significant beneficial or adverse impact (some information suggests that significant effects could occur, but the intensity of effect and probability of
occurrence are unknown).

*The index values contain ordinal information and can only be used to make ordinal comparisons. For example, anindex value of 2 is better than a value
of 1, but a 2 is not necessarily twice as good ortwice aslarge as1. Therefore, it is not possible to obtain meaningful summary information by performing
numerical operations (e.g., add or subtract index values or calculate their ratios) using two or more index values.
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Altenative2.1

Alternative 2.1 has the potertial to make fishay-sized cod, pdlodk, and Atka mackerd mare available to
predatorsintime and spacethr ough acombi nation of TAC reduction and spr eading the prey removd over time
and space. Thus, inthe short-term, Alternative 2.1 would tendto better protect the trophic base of predators,
particularly marine mamrmels, that rely on these prey relative to Alternative 1. Berefits to these predators
would result if they encounter some prey limitation in the present regme In the short teem, non-mammal
predatorsthat might benefit through increased adult pollock and Atka mackerdl include Pacific cod, Pacific
halibut, sablefish, and Greenland turbot. Indirect impacts of Alternative 2.1 could occur by reducing the prey
base of other speciesthat compete for f ood with the Pacific cod, pollock, and Atkamackerel that are not taken.
However, thereare noindications that food islimitingto theseother groundfish species so thisindirect effect
is likely to be minimal. No large changes are expected in species composition in the ecosystem due to
Alternative 2.1 because variability in the main species affected (pollock) appears to be more driven by
recruitment variability than changesin TAC.

In the long-term, multispecies age-structured predat or-prey modeling ind cates that when there i s decr eased
fishing on pollock, predator s of the smallest sizes of pollock, such asadult pollock and northern fur seal, tend
to get more prey (Jurado-Molina and Livingston 2000), but predators of adult pollock may not seethis benefit.
Increased predation on rock sole, yellowfin sole, and Pacific herring would be predicted by this multispecies
forecasting modkl if Pacific cad were fished at lower rates. Also, when no-fishing scenarios are tested in this
multispecies model, the madel predicts much lower stock biomasses in the long term than what singl e-species
models predict, particularly for speciesthat are prey in the modeled system, such as pollock, rock sole, and
ydlowfin sole. Thus, the single-species predictions of increases in pollock biomass when fishing is lowered
under Alternative 2.1 might not be as large in the long term if multispecies considerations are taken into
accourt.

Aggregated (non-age structur ed) ecosystem model simulations for the Bering Sea, using the ECOSIM mode,
predict long-term decreasesin juvenile pollock and populations of piscivoraus birds, which rely on juvenile
pollock as prey, but no changesin marine mammal populations when thereis no fishing on pollock (Trites et
a. 1999). Asmentioned in Section 3.9, when the newer version of the ECOMSIM model is run, which has
adifferent way of considering pollock recruitment, anincreasein juvenile pollock and piscivor oushirds isseen
but thereis still nochange inmarine manmal populations (Kerim Aydin, University of Washington School of
fisheriesand Aquatic Sciences personal communication). Assumptionsabout recruitment influencetheresults
of these models, and these assumptions can change the direction of the predicted changes, particularly for
pollock. These models dso lack spatial definition, which is most critical in evaluation of this d ternative.
Given the importance of availability of prey in space and time spatial foraging models need to be developed
to better understand the possble impads of Alternative 2.1 on predators of adult pollock, such as marine
mammals.

Alternative 2.1 wouldincreasekey forage species biomassat least in the short term. Although the adter native
is intended to benefit marine mammals, two key prey species considered (pollack and Atka madkerel) are
certral prey speciesin either the pelagic food webs o the BSAI or theGOA. Thus, Alternative2.1 ranks +1
in influencing the ecosystem issueof pelagic forage availability (Table 4.9-4).

The explicit consideration of spreading out fishery removals of these key prey speciesin space and time under
this Alternative 2.1 givesit arank of +2 for potentia benefitsto the ecosystem for decreasing the spatiad and
tempaoral concentration o fisheries onforage species.

Trophic leved of thecatchshowslittle change from Alterrativel (Table4.9-2). No additional tendency tofish
down the food web ocaurs under Alternative2.1. Asan indicaor of forage availability, some additional
increases over Alternative 1 areseeninthe propor tion of pollock inthe groundfish biomass when single- speci es
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models are usad to evaluate changes in groundfish biomass, 3 percent and 7 percent increases over the
Alternative 1 2005 for the Bering Sea and GOA, respectively. Trophic level o the tatal groundfish biomass
(Table 4.9-2) would not change relative to Alternative 1, indicating little change in the functional species
composition of the groundfish community. Thus, trophic level of the catch rdative to trophic level of
groundfish biomass is about the same, giving Alternative 2.1 a neutral rank with respect to influencing the
ecosystem dfect of removal of tgp predators.

Presumably, the seasonal TAC reductions of Alternative 2.1 would trandate into fewer fishing vessds or
fishing effort for these species. Thus, there are lower probabilities for the introduction of nonindigenous
species under Alternative 2.1 relative to Alternative 1. Thetota catch reductions of greater than 10 percent
would ind catelessfishing effort, which would be related to the possibility for introduction of nonindgenous
species. Thus this aternative ranks a +2 for potential reduction in possibility of introduction of nonnative
Species.

Alternaive2.2

Alternative 2.2 has the potential to make fishery-sized pdlod, cod, and Atka madkerd mare available to
predatorsin time and spaceby using large TAC reductions. Thus, Alternative 2.2 would tend tobetter protect
the trophic base of predators, particularly marine mammals that rely on these prey relativeto Alternative 1.
Berefitsto these predators would result if they are encountering some prey limitation in the present regime.

Inthe short term, non-mammal predatorst hat might benefit through increased adult pollock and Atkamackerel

include cod, Pacific halibut, sablefish, and Greenland turbot. Indirect impacts of Alternative 2.2 could occur
by redudng the prey base o othe species that compee for foodwiththe cod, pollock, and Atkamackerd that
arenot taken. However, there are no indications that food islimtingto theseother groundfish species so this
indirect effect would likely beminimal. Large changesin species composition in the ecosystem would not be
expected unde Alterretive 2.2 because variability in the main species affected (pollock) appears to be more
driven by reauitment variability than changesin TAC.

In the long term, multispecies age-structured predator- prey mode ing indicates that when there i s decr eased

fishing on pollock, predator s of the smallest sizes of pollock, such as adult pollock and northern fur sedl, tend

to get more prey (Jur ado-Molinaand Livingston 2000), but predators of adult pollock may not seethis benefit.

Increased predation on rock sole, yellowfin sole, and Pacific herring would be expected if Pacific cod were
fished at lower rates. Also, when no-fishing scenari osaretested in this multispecies model, much lowe stock
biomasses are predicted for the long termthan by single-species models, particularly for species that are prey
in the modeled system, such as pollock, rock sole, and yellowfin sole. Thus, the single-species predictions of

increasesin pollock biomass when fishing islowered under Alternative 2.2 might not be as largein the long-
termif multigpecies considerations aretaken into acoount.

Aggregated (non-age str uctur ed) ecosystem model simulationsfor the Bering Seausing ECOSI M predict long-

termdecreasesin populations of piscivorousbirdsand and juvenile pollock but no changesin marine mammel

populationswhenthereisnofishing on pol lock (Trites, et al. 1999). Adult pdlock populationswould increase
only about 5 percent in the long termif fishing were sopped. Asmentioned in Section 3.9, running the newer
version of this model, which has a different way of considering pollock recruitment, resultsin an increase in
juvenile pollock and piscivorous birds but still no change in marine mammal populations (Kerim Aydin,

personal communication). Assumptions about recruitment influence the resuts of these models, and these
assumptions can alter the direction o the predicted changes, particularly for pollock. These modelsalso lack
spatial definition, which iscritical in evaluating Alternative 2.2. Given the importance of availability of prey

in space and time, spatial foraging model s need to be developed to better understand the possible impacts of

this alternative an predatars of adult pdlock, such as marine mammals.
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Alternative 2.2 would increase key forage species biomass, atlead in the short term. Although Alternaive2.2
objectives were intended to benefit marine mammals, two key prey species considered (pollock and Atka
mackerel) are centra prey speciesin either the pelagic food webs of the BSAI or the GOA. Thus, Alternative
2.2 ranks +2 in influencing the ecosystem issue of pelagic forage availability (Table 4.9-4).

Although Alternative 2.2 would not explicitly reducet fishery catchin space, the TAC levels proposed and the
timing of catches indicate that there would likely be areduction of bah spatial and temporal catches of key
ecosystem forage species, Atkamackerd and pollock. Thus, Alternative 2.2 ranks +2 in terms of providing
increased protection against temporal and spatial concentr ations of fi sheri es on forage.

Trophic level o the catch would dedine by less than 2 percent relative to Alternative 1 for the BSAI.
Alternative 2.2 doesnot show any increased tendency tofish down thefoodweb rdativeto the Alternative 1.
Trophic leve declines would be purely due to change infishey targes, not a seguential fishing down efect.
As anindicator of forage availability, some additional increases over the Alternative 1 would be seen in the
proportion of pollock in the groundfish biomass when single species models are used to eva uate changes in
groundfish biomass, 10 percent and 3 percent increases over Alternative 1 in 2005 for the Bering Sea and
GOA, respectively. Trophic level o thetotal groundfish biomass (Table4.9-2) would not changerelative to
Alternative 1, indicating little changein thefunctional speciescomposi tion of thegroundfish commurity. Thus,
Alternative 2.2 would be reutral (eg., +0) with respect to providing additional protection to fishing down the
food web through removal of top predatars.

ThelargeTAC reductions unde Alternative 2.2would translate into fewer fishing vesselsor less fishing efort
for these species. Thus, there would be fewer possibilities for the introduction of nonindigenous species
through groundfish fishing vessel sunde Alternative 2.2 rdative to Alternative 1, and scores +2.

Alternative 3

Alternative 3 hasthepotential to protect predator-prey interactionsby protecting stock leve s throughminimum
stock size thresholds (MSST) and incorporating uncertainty (which wauld lower TACs of somespecies). No
large changes in species composition in the ecosystem would be expected due to this aternative because
variability in thegroundfi shspecies af f ected appearsto bemoredriven by recruitmentvariability than changes
in TAC. Pelagic forageavailability, as measured by the fraction of pollock in the groundfish biomass would
increaseslightly, but not morethan 5 per cent above Alternative 1. However, Alternative 3 would makelarge
reductions (almast 40 percent)in the TACsof Atka mackerd, thusisgivenascoreof +1. Although 20 percent
time and area closures would provide a consistent fraction of undistur bed area in each management zone for
predatorsto find prey, the T AC displacement into other areas hasthe potenti a to increaseloca prey depletion
inthose areas, giving Alternative 3 a-1 with respect to spatia and tempora concentrations of fisheries on the
key forage species Atka mackerel and pollock.

In the short term, the shift infishey selectivity toward older fish might tend toremovemare dde, predatary
individuals relative to Alternative 1, which could potentially reduce any possible competition for prey with
othe predators. However, because of the decline in fishing mortdity due to the uncertainty corrections, the
long-term equilibrium age composition of these populations might actudly show aninaeasein dde mare
predatory indvidualsrelativeto Alterrative1l. Moreresearch needs to bedore that looks at the changesin
ecosystem-level size frequency distributions that might be expected if the size frequendes of groundfish
removals ar e atered.

Trophic level of the catch would not declineunder Alternative 3relativeto Alternative 1. However, thetrophic
levels of each species were not explicitly modeed by sze. Potentidly, Alternative 3 could show anincrease
in trophic level of the catch if thisfeature of increasing predatory behaviar withinaeasing Szeof fishwee
modeled. Alternative 3 could show a dight reduction in the fishing down effect through the increase in the
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lifespan of target fish induced by the decr eased fishing mortalities in thelong term.  Although Alter nati ve 3
hasthepotential to show an increasein trophic levd of the catchrelativetoAlternative 1, it islikdy not avery
large change. Similarly, trophic level of the total groundfish biomass does not show any change relative to
Alternative 1, although there is some potential for increased trophic level if trophic level changes with respect
to changng sze dstributions were modded. Thus, Alternative 3 would not dffe from Alternative 1 with
respect to its potential for fishing down large predators (eg., +0).

Total catch reductions under Alternative 3 would likely mean smaller fishing effort or fewer fishing vesselsin
the region. Thus, there would be lower probabilities for the introduction of nonindigenous species under
Alterretive 3 rdativeto Alternative 1, therefore Alternative 3 scores a +2.

Altenaives4.1 and 4.2

Alternatives 4.1 and 4.2 could alter predator-prey relationships primarily by the closure of areas to protect
squid aggregations and the resulting TAC reduction of pollock. Squid is a prey species of marine mammals
and some dope-dwelling groundfish. Closed areasto protect squid would provide more squid as prey to these
animals relativeto Al ternative 1, and would provide some benef itsto predators over Alternative 1if these prey
arepresently limiting. Thereis presently noevidencethat preyarelimiting todope dwelling groundfish. TAC
reduction of pollock would also tend to provide more fishery-sized pollock to animals such as some marine
mammals, cod, Greenland tur bot, and sablefish, which consume these larger sized pollock. Bendfits to these
predatorswouldoccur if pdlock prey are alimiting factor tothesegroups. Thereis presently no evidence that
pollock is limiting groundfish spedes. Easten Bering Sea pollock biomass would increase about 7 percent
relativeto Altertnative 1 under Alternatives4.1 and 4.2, sothey giveincreased pr otection relativeto Alter native
1 with respect to providing greater availability of pelagic forage as measured by pollock abundance. Also,
these are the only alternatives that explicitly attempt to provide additional protection to another impartant
pelagic forage species, squid. Although there is no explicit measure of the potential increase in squid
abundance, Alternatives 4.1 and 4.2 would provideincreased availability of this pelagic forage so they receive
a+1 scare with resped to this measure

The closed areato protect squid would &l so provide some reduction in spatia concentration of pollock fishing
so there is some additional protection to spatia and tempord concentration of fisheries onforagerelative to
Alternative 1. Alternatives 4.1 and 4.2 were both given a +1 score for this metric.

No change in trophic level o the catch would be seen under Alterndives 4.1 and4.2 relative to trophic level
of thetotal groundfish biomass. Thus, they appear to provide nofurthe protedionto fishing down the food
web relative to Alternative 1. However, if Alternatives 4.1 and 4.2 were implemented to species beyond the
example species of skates, squids, andgrenad ers, they woul d provideincreased protection to fishing down top
predators such as sharks, and thusthey receive a+1 relative to Alternative 1 on thisissue.

Some decreases in the amount of fishing vessdls or effort might occur dueto the TAC reduction of pollock.
Thus, Alter natives 4.1 and 4.2 might provide some additiona increase in protection from the introduction of
nonindigenous speciesrelative to Alternative 1. Alternative 4. 1 was given a score of +1 and Alternative 4.2,
which would have mor e catch reduction than Alternative 4.1, scores +2 on this metric relative to Alternative
1.

Alternative 5

Alternative 5 could change predator-prey relationships relative to Alternative 1 by providng some areas that
would be totally closed to fishing (HAPC areas) and reducing the TAC of flatfish and Atka mackerel, which
could provide additiona prey to speciesthat consumethem. Some reductionsin theabundanceof dde’, more
predatory fish might occur by changing the fisheries for Greenland turbot, some rockfish, sablefish, and cod
to fixed-gear only, whichhasgreater selectivity for older fish. The HAPC area closures would provide areas
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whee prey popu ationswerenot distur bed and could be nore bereficial to predetorsrelativeto Alternative 1.
TAC redudions of flatfish and Atkamackerel cauld patentially benefit Pacific cad, Pacific halibut, arrowtooth
flounder, and Greenland turbot by providing additional prey for them in shortterm. However,inthelongterm,
multispecies madding indicatesthat if thee are species that consume younger ages of these species rdative
to these predators, then the speciesthat consume the smallest sizes tend to benefit the most. Pollock biomass
increases dightly relativeto Alternative 1 but Alternative 5would reduce TAC of Atkamackerel by 8 percent
in the Aleutian Idands, and thus it deserves a +1 score for providing increased pelagic forage availability
relativeto Altenative 1.

Reducing the disturbance of benthic prey through bottom trawling woul d provide a less disturbed prey base
for benthic feeding animals. Scavenging animals that presently benefit to some degree by trawls that expose
benthic prey to predation would experience adeclinein this benefit under Alternative 5 relative to Alternative
1. The actua magnitude of the positive benefits to non-scavenging predators is not known, but wauld be
greater under this alternative comparedto Alternative 1. Changing the selectivity toward gear that removes
older fish would reduce energy flow at highe trophic levds, which would sharten thefood chain and dearease
the lifespan of organisms (both of which would occur to some extent through the change infishay selectivity
toward olde fish). These would beindicators of amorestressed, less mature ecosystem accordingto Odum
(1985). No quantitative measures are available of the extent to which these processes would be affected.
However, the magnitude of the change proposed in remova of higher leve predator s relative to changes
observed dueto environmentally driven changes in recruitment suggest that there would not likely be alarge
ecosystem impact inthis regard from Alternative 5.

Alternative 5 would close additional areas to fishing and reduce TAC outside these ar eas for flatfish and Atka
mackerel. It thus would provide additional protection to spatial compression of fisheries on forage species
relativeto the Alternetive 1, andreceives a score of +1.

There would be little change in trophic level of the catch relative to trophic level of the groundfish biomass
under Alternative 5. T husit would provide similar protection as Alternative 1 to fishing down effects on top
predators in thefood web (+0).

TAC reductions of flatfish and Atka mackerel could presumably decrease the number of vessals or amount of
effort in the management areas. Thus, this dter native might provide some additional increase (e.g., +1) in
protection from the irtroduction of nonindigenous species rdativeto Alternative 1.

Alteanaive6.1

The main predat or-prey-rel ated effects of Alternative 5would beto spread out the removal of either predators
or prey over space and time due to the dimination of the race for fish. Fishing practices, such as the use of
larger mesh sizes, might also be used to decrease the catch of less desirable sizes of fish and thus would tend
toinaeasetheremoval of larger, more predatory fish fromthe system. Pdagic forageavailability asmeasured
by pollock biomasswould not changerelativeto Al ternative 1, giving thi salternative a +0 scorein thisrespect.

Alternative 5 would reducetheracefor fi sh and spread fisheries over time. Because of thisextratimeto catch
fish, fishermen would also increase their exploratory fishing and would spread out fishing in space. Thus
Alternative 5 would reduce spatial and tempora concentr ations of fisheries on forage relative to Alter native
1, giving Alternative5 arank of +2.

Presumably, speciesthat rely heavily onadult groundfishf or prey in space and timewould havelesspopulation
variability so mare stability would be likdy inecosystembiomess. The shift infishery selectivity towar d older
fishwouldtend toremovemare older, predatory individuals relative to Alternative 1, potentialy reducing any
possible competition for prey with othe predators. Large changes in species camposition would na be
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expected in the ecosystem due toAlternativeb, because variahility in affected groundfish species appear to be
moredriven by recuitment variability. Reducedenagy flow at higher trophic levels, which would shorten the
food chain and dearease the lifespan of organisms (both of which would occur to some extent through the
change infishery sdlectivity toward older fish), would beindicat ors of amore stressed, less mature ecosystem
according to Odum (1985). No quantitetive measures are available of the extent to which these processes
would be affected. However, the magnitude of the change relative to changes observed due to environmental ly
driven recruitment changes suggest that ther e would not likely be alarge ecosystem impact in thisregard from
Alterrative 5.

There would be little change in trophic level of the catch under Alternative 5 relative to trophic level of
biomass. Thusit providessimilar protection asAlternative 1 tofishing down effects on thefood web (e.g., +0).

Alternative 5 might reduce the number of vessds participating in groundfish fisheaies, but could also increase
the effort (spread it over space and time). Thus, Alternative 5 might provide no additiona increase in
protection fromthe introduction of nonindigenous species rdativeto Altenative 1.

Alternaive6.2

The main predator-prey-related effects of Alternative 6.2 would be to increase short-term harvests of some
economically desirable species such as pollock (akey prey) and cod(an important predator). Pollodk biomass
would decrease 5 percent and 7 percent in the BSAI and GOA, respectively, rdative Alterrative 1. Thus,
Alternative 6.1 would provide less pratection to pelagic forage availability and is gven a-1 score

Increased catches of pollock could aso result insignificant increases in spatial or temporal concentrations of
prey removals relative to Alternative 1. Thaefore this meric was given a soore of -2.

There would be little change in trophic level of the catch under Alternative 6.2 relative to trophic level of
biomass. Thus it would provide similar protection as Alternative 1 to fishing down effects on the f ood web

(e.g, +0).

Given thelarge catchincreasespredicted for Alternative 6. 1, theremight beanincreaseinthe effort or number
of vessds participating in groundfish fishaies. Thus, there would bea much larger potential for introduction
of nonrative species through groundfish fishing vessels (e.g., -2).

49.2.2 Effectson Energy Flow and Balance, Including Fish Removals and Fish Processing Waste
Alternative 1

Fishing may ater the amount and flow of energy in an ecosystem by removing enegy and altering energetic
pathways through the return of discards and fish processing offal back intothe sea. The recipients, locations,
and forms of this returned biomass may differ from thosein anunfished sygem. A mass-balance model of the
eastan Bering Sea (Trites e al. 1999) provides some information on fishing removal s relativeto total system
production and the distribution of biomass and energy flow throughout the systemin recent times. Thetrophic
pyramids (distribution of biomass at various trophic levelg indicate that biomass and energy flow are
digributed fairly well throughout the system (Trites et al. 1999, p. 28 of). These show that the Bering Seais
a more mature system compared to other shelf systems. A more mature system is one that is less disturbed
(Odum 1985). Totd catch biomass (including non-groundfish removas) as a percentage of tota system
bi omass(excluding dead organic material, known asdetritus) wasestimated to be 1 percent, a small proportion
of total systembiomass. Fishay removal rates are based in the most basic senseon the amaount of surplus
production (the excessof reproduction ad growth ove natural mortality) (Hilborn and Walters 1992) for fish
stocks. Becausethereis great variability among stocks with regard to the amount of this excess production,
it islikely more important that removals stay within the bounds of each individual stock’s excess production
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(atopic that is consideredin the individual stock impacts sections). Fram an ecosystem paint o view, total
fishing removals are a small proportion of the total system energy budget and aresmall relativeto internd
sources of interannual variability in production. Thus, they have aninsignificant €fect on the envirormert.

Fisheries can redirect energy in the system by discar ding and retur ning fish processing wastes to the sysem.
These practices take energy and potentialy provide them to different parts of the ecosystem relative to the
natural state. For example, discards of dead flatfish or small benthic invertebrates might be consumed at the
surface by scavenging birds, which would normally not have access to those energy sources. An analysis of
the importance of these fisheries practices on the BSAlI and GOA ecosystems was conducted by Queirolo et
al. (1995), before the improved retention requirements for pollock and cod were mandated. Total offal and
discard production at that time was estimated at only 1 percent of the unused detritus al ready going to the
bottom. No scavenger popu ationincreases were noted that related to changes in discard or offa production
amounts. The annua consumptive capacity of scavenging birds, groundfish, and crab in the eastern Bering
Sea was determined to be ove tentimes larger than the tatal amount of offal and discards in the BSAI and
GOA. Finaly, it appeared that the main scavengers of fish processing offal, which primarily consisted of
pollock, werea so natural pollock predators. Thus, energy flow paths did not seem to be redirected in a large
way and have an insignificant impact on the environment.

Discard rates dropped even further after the implementation of retention requir ements for all pollock and cod
in groundfish fisheries. Managed groundfish species discards dropped below 10 percent of the total catch
(down from about 15 percent in the eastern Bering Sea and Aleutian Idands and 20 percent in the GOA,
respectively) in 1998. The mandated retention of managed flatfish species (yellowfin sole and rock solein the
BSAI and shalow water flatfish inthe GOA) in 2003, which make up the bulk of the remaining discards of
managed species, may cause the total discard amounts to decr ease 28 percent in the BSAI under Alternative
1fromtheyear 2001 to 2005 (Table 4.9-2, Figure 4.9-4). Total discardsin theGOA are estimatedto increase
3 percent under Alternative 1 from 2001 to 2005 because shallow water flatfish are not a dominant source of
discards in the GOA (arrowtooth flounder, grenadiers, pollock, and cod are the dominant species in the
discards) (Figure 4.9-2). Alternative 1 has removed the lar gest potential source of energy redirection through
discar dswith theimproved retention requirementsin the easter n Bering Sea. Discar ds are estimated to decline
to 7 percent of the tatal catch inthe BSAI but wauld remain constant at about 17 percent of the total catchin
the GOA, areflection of the discard level observedin1999. Combined evidence regarding thelevel of discards
relative to natural sour ces of detritus and no evidence of changes in scavenge populations thet are related to
discard trends suggest that Alternative 1 would haveinsignificant ecosystan inpacts throughenergy removal
and redirection.

Discar dsand offa production can causeloca enrichment and changein speciescompositionif discardsor offal
retur ns are concentrated. Some evidence of those effects have previoudy been cited (Thomas 1994) in areas
withinadequate tidal flushing (Orcas Inlet in Prince William Sound and in Dutch Harbor) but not in the deep
water disposd s tein Chiniak Bay off Kodiak Island (Stevensand Haaga1994). Local ocean properties(water
flow and depth) and amount of water discharged per year could be important factor s determining the effect of
nearshoredisposal on local marine habitat and communities. Changesto the processing plant a Dutch Harbor
dramatically reduced theamount of of fal and ground discardsdi scharged. Improv ed retention could becausing
someincreases in theamount o local enrichment dueto disposal of increased offal from shoreside processing
of newly retainedfish. Howeve, inaeasein doffal production for the Bering Sea, if all pollock, cod, rock sole
and yellowfin sole were to be retained, would amaunt to an increase df about 6 percent (NMFS 1996€) and
would not likely cause a change in water quality.
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Alternaive2.1

The main impact of Alternative 2.1with regard to amount and flow of energy flow in theecosystem would be
to reducetotal level of catch biomass removals fromgroundfish fisheries by about 33 percent in the GOA and
20 percent in the BSAI from Alternative 1. This retained energy would consist primarily of catch reductions
in pollock, Atka mackerel, and cod. This would provide furthe ecosystem pratection for energy flows that
involve these species. Catch was determined to be a small proportion of tota ecosystem energy under
Alternative 1 and Alternative 2.1 woud ensure that it is even smaller, thus providing further praection to
natural ecosystem energy flow paths and amounts. For this reason, Alternative 2.1 was given a soore of +2
relativeto Altenative 1.

Discards would bereduced 15 percent in the BSAI and 7 percent in the GOA under Alternative 2.1 relative
to Alternative 1, primarily through reductiors in the dscards of pollock and Atka mackerel (Table 4.9-2).
Although negative impacts of the present discarding practices have not been demonstrated, this a ternative
would providefurther restoration of natura energy flow paths over those in Alternative 1, and was given a
score of +2.

Alternaive2.2

The mainimpact of Alter native 2.2 with regard to amount and flow of energy flow in theecosystem would be
to reducetotal level of catch biomass removals fromgroundfish fisheries by about 54 percent in the GOA and
80 percent in the BSAI from Alternative 1. This retained energy would consist primarily of catch reductions
in pollock, Atka mackerel, and cod. Thiswould provide further ecosystem protection for ene’gy flows that
involvethese species. Catch wasdeterminedto bea small proportion of total ecosystem energy in Alternative
1 and Alternative 2.2 woud ensure that it is even smalle, thus providing furthe protection to natural
ecosystemn energy flow paths and amounts. For this reason, Alternative 2.2 was given a score of +2 relative
to Altenative 1.

Discards would decrease 57 percent in the BSAI and 16 percent in the GOA relative to Alternative 1 (Table
4.9-2). Althoughnegativeimpads of the present discar ding practices have not been demonstrated, Alternative
2.2 would provide further restoration of natural energy flow paths over thosein Alternative 1, and was given
ascore of +2.

Alternative 3

The mainimpact of Alternative 3 with regard to energy flow in the ecosystem would be to reduce tota | evel
of catch biomass removals from groundfish fisheries by about 14 percent in the GOA and 10 percent in the
BSAI from the Altenative 1. Catch was deermined to be a small proportion of total ecosystem energy in
Alternative 1, and Alter native 3would ensurethat itiseven smaller, thus providngfurthe protection to ratural
ecosystem energy flow paths and amounts. Thus, Alternative 3 scores +2 with respect to its degree of
protection of ecosystem energy flow and balarce.

Discar ds under Alternative 3 would increase by 3 percent in the BSAI and decrease by 2 percent in the GOA
relative to the status quo dternative level in 2005. Previous analysis of highe discard level s seen before
implementation of improved retention requir ements for pollock and cod indicated minimal ecosystem impads
at levels higher than those estimated under this dternative (Queirolo et d. 1995). The small increases in
edimated discards under this alternative rd ativeto status gquo will likely nat havenegativeimpadsin theform
of increased scavenger populationsor anaerobic bottom conditions. T herefore, it received aneutral (eg., +0)
score with respect to energy redirection relative to Alterrative 1.
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Figure4.9-4 Estimated levels of total discards (target species, prohibited species, and non-target
species)under Alternative 1 2001-2005 and under Alternatives 2.1 through 6.2 in 2005.
The estimates assume that improved retention requir ements for yellowfin sole and r ock
sole in the Bering Sea and shallow water flatfish inthe Gulf of Alaska would begin in
2003 and would cause zero discards for those species, beginning in 2003, over all
altea naivesexcept 6.1, which removes improved retention requir ements.
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Alternaives4.1 and 4.2

The main impact of Alternatives 4.1 and 4.2 with regard to energy flow in the ecosystem would be to reduce
total levd of catch biomass removals from groundfish fisheies by lessthan 1 percent in the GOA and 10
percent and 14 percent inthe BSAI, respectively from Alternative 1. Catch would beasmall proportion of total
ecosystam energy under Alternaivel and Alternatives 4.1 and 4.2 would ensurethat it is even smeller, thus
providing further protection to natural ecosystem enagy flov paths and amounts. For these reasors,
Alternatives 4.1 and 4.2 both received a scare of +2 rdativeto Alternative 1.

Discards unde Altenatives 4.1 and 4.2 would increase by 3 percent in theBSAI and 1 percent in the GOA
in 2005 relativeto Al ternative 1. Andysisof higher discard levels beforeimplementation of i mproved retention
requirementsfor pdlock and cod indicae that minimal ecosysemimpacts wauld occur at levds highe than
those estimated under Alternatives 4.1 and 4.2 (Queirolo et a. 1995). The small increases in esimated
discards unde Altenatives 4.1 and 4.2 relative to Alternative 1 would likely not have negative impactsin the
formof increased scavenge populations or anaerobic battom conditions. Altenatives 4.1 and 4.2 receive a
neutral scare of +0 rdativeto Alternative 1 with respect to providing decreases inthe amount of discards.

Alternative 5

Alternative 5 wouldnot change tatal observead catch amounts appreciably fromAlternative 1, and thus would
not provide any further protection to natural ecosystem energy flow paths and amountsrelative to Alternative
linthat regard. Alternaive5 would reducetheamount of bottom trawling that occurs, and thuswould cause
some declineintheamount of prey exposed by trawls and eaten by scavenging benthic organisms. No negative
impads attributableto the ex posure of prey have been observed under Alternative 1, as evidencedby the lack
of increase in benthic scavenger populations. Alternative 5 would provide further protection from this
occurring.

Discar ds under Alternative 5 would decline by about 3 percent inthe BSAI and 4 percent in the GOA in 2005
relative to Alternative 1. These are very smal changesrelativeto Alternative 1 and minimal changesin energy
redirection, scavengers, or water quality would be anticipated from directed catch and discard observations.
However, the unmeasured energy redirection from trawls exposing prey that are then eaten by scavenging
benthic organisms would be reduced relative to Alternative 1, thus Alternative 5 receives a +1 because it
reduces this erergy redirection relative to Alterretive 1.

Altenative6.1

Alternative 6.1 would not changetotal observed cat ch amounts appreciably from Alternative 1 and thus does
not provide any further protection to natural ecosystem energy flow paths and amountsrelative to Alternative
1in that regard. For this reason Alternative 6.1 was given a score of +0 for this mdric.

Discards under Alter native 6.1 would increase by a large amount (40 percent) in the BSAI and decrease by 3
percent in the GOA in 2005 relative to Alternative 1. The large change in the BSAI is due to removing the
regulations on improved retention and utili zation. However, Alternative 6.1 proposes that fishermen optimize
catch of directed tar get speciesand minimizediscar dswithout the benefit of theimproved retention regulations.
The actual level of discards that would be realized under Alter native 6.1 cannot be predicted quantitatively:
if effective then presumably discards would be lower than projected, but if ineffective, up to a 40 percent
increasein dscards woud beseen relativeto Alternative 1. Although the absolute level of this 40 percent
increasein discards islikely to be less than the levds seen before improved retention wauld be put into place
(in which negative impacts would not be observed), it would be a step backwar ds in achi eving the ecosystem
policy objective of minimizing waste and discards and is given a-2 score in that regard.
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Altenative6.2

Alternative 6.2 would increase total catch biomass by 16 percent relative to Alternative 1. Catch would bea
very smal proportion of total ecosystem biomass under Alternati ve 1, and Alternative 6.2 would likely not
change that proportion However, the changeis a rather large negative change rdativeto Alternative 6.2,
whichis given a scare of -2.

Total discards would increase under Alternative 6.2 by 26 percent, mainly due to increased catch levels.
Improved retention regulations would still be in place so the estimated discard level would not be as high as
Alternative 6.1. Although the discard levels are possibly of the same magnitude as those observed befor e the
improved retention regulations would be put in place (in which negative impacts would not be observed), it
would be a step backward in achieving the ecosystem policy objective of minimizing waste and discards, thus
itisgiven a-2 scorein that regard.

4.9.2.3 EffectsonBiological Dive sity

Fishing can alter dffeent measures of diverdty. Species levd diverdty, a the number of species, can be
atered if fishing removes a species from the system. Fishing can alter functional or trophic diversity if it
selectively removes atrophic guild member and changesthe way biomassis distributed within atrophic guild.
Fishing can alter genetic level diversity by sdectively removing faster growing fish or removing spawning
aggregrations that might have diffaent genetic characteristics than other spawning aggregations. Large, old
fishes may be more heterozygous (i.e., have more genetic differences or diversity) and some stock structures
may have a genetic component (see review in Jennings and K aiser 1998), thus one would expect adeclinein
gereticdiversity dueto heavy explaitation.

Alternative 1

Localized extinctions dueto fishing arerare but some evidenceexiststhat this may have occurredto some skate
speciesin areas of the North Atlantic (see review in Greenstreet and Rogers 2000). T hese extinctions could
bethought of asadecreasein spedeslevel dvesity or theactual numbe of speciesinanarea. Elasmobranchs
such as shark, skate, and ray species are vulnerabl e to fishing removals and direct i mpactsto thosespecies are
covered in Section4.5. Species|evel divesity changes have not been assessed in a quantitative fashion under

the current regime. No fishing induced extinctions have been documented in the last 30 years or so.

Taxonomic work on some fish species (e.g., skates ) is ongoing and minimal survey and systematic work is
being done on other ecosystem components, such as benthic invertebrates, that could be impacted by fishing
activities. Until some of these survey and taxonomic problems are resolved, it is not passible tofully assess
the impacts of Alternative 1 on species leve diversity. However, given the senditive nature of some species
consdered (i.e, long-lived or lov-reproductive patential species, such as skates, sharks, and grenadiers), and
the evidence of extinction of rdated species in the Atlantic, suggests that this could be a conditionally
significant adverse impact on theenvironment unde Alternative 1.

Studies of ather moreheavily fished systams, such asthe North Sea, Georges Bank, or Gulf of Thailand have
shown declines in diversity (Hall 1999a, Jennings and Reynolds 2000) related to fishing, and the diversity
declines were due to direct mortality of target spedes. Biomass dvesity and everness for trgphicguilds was
investigated by Livingston ¢ al. (1999) in theeastean Bering Sea inthe currert regme(Sedion 3.9). Thee
gppeared to beno evidencethat groundfish fisheries caused dedines in trgphic quild divesity for the graups.
For exanple, thebiomass of dveasity in the pdagic fish consumer guildwas closeto 1 from 1979 t01993, a
reflection of the dominanceof pollock in the biomassof that group. Diversity tended to decline when pollock
biomassincreasad dueto large year-class production. Other groups, such as the benthic infauna consumer
guild and thecrab and fishconsumer guild, had higher species biomassdiversity thanthe pelagic fish consumer
guild. Guild diversity changes were again seen when a dominant member changed in abundance. The
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abundance changes of those species were mastly related to recruitment changes and not to fishing Thee
gppeared to beno fishing-induced changesin functional (trophic) dversity unde Altenative 1. Functional
(trophic) diversity indicators using forecasts o groundfish biomass unde Alternative 1 from 2001 to 2005
indicate an 8 percent decline would occur in the diversity of groundfish biomassinthe BSAl and a3 percent
increase would occur in groundfish biomass diversity in the GOA. The projected decrease in the BSAI is
primarily dueto the increased dominance in pollock biomassin that region while the GOA diversity changeis
smaller and not linked to a particular species. Thus, there appears to be no fishing-induced changes in
functional dversity. This was consideredto bean norsignificart effect on the status quo environment.

Evidenceso far in highly fished areas such as the North Sea suggeststhat there islittle evidence of geretically
induced change in selection for body length in cod after 40 years of exploitation (Law and Rowell 1993 cited
in Jennings and Kaiser 1998). Genetic diversity has not been assessed under Alternative 1, but heavy
exploitation of certain spawning aggregations can be inferred and heavier exploitation on dde, mare
heterozygousindividua swould havethe tendency toreducegeneticdiveasity in fishedversus unfishedsysterms.
Thus, some change in geneic diversity has possibly occurred in the BSAI and GOA, but the magnitude of the
impads are nat known. TheNorth Sea work indicates the impacts might be minimal. Genetic assessment of
pollock populati onsand subpopulati onsin the North Pacific shows some genetic diff erences among stocks but
has not demonstrated any genetic variability acrosstime within stocks that might indicate fishing influences
(Bailey et a. 1999). Thisis judgedto have an nonsignificant impact on the Altenativel environment.

Altenative2.1

Alternative 2.1 would likely have little change in species level diverdity relative to Alternative 1, except that
it could potenti dly help reversethetrend in speciesdecline of Steller sealion (anassessment o that possibility
is contained in Sedion4.2). Itis givena scoreof +1for that reason.

Trophic guild diversity of the guilds that pollock, cod, and Atka mackerel belong to wauld decline as these
speci esincreasetheir dominanceinthoseguilds. Overall biomassdiversity of thegroundfishcomplexindicat es
a4 percent decline wauld occur conpared to Alternative 1 in the BSAI and a2 per cent increase for the GOA.
Theseare small changes relative to Alter native 1 and likely would not changefunctional relationships among
spedes(e.g., +0).

Genetic diversity could increase under Alternative 2.1 if older, more heterozygous individuals were | eft in the
populations of cod, pollock, and Atka mackerel. Also, protection of spawning aggregations of these species
under Alternative 2.1 wouldtend toprovideincreasal protection of gendic diversity over Alternativel, which
might be due to differences among spawning subgroups. For this reason, Alternative 2.2 scores a+1 for this
metric.

Altenaive2.2

Alternative 2.2 would likely have little change in species level diversity relative to Alternative 1, except that
it could potentially reverse thetrend in species decline of Steller sea lion. It isthus given a score of +1 for
providing additional pratection to spedeslevel dvesity relative to Alterndivel.

Trophic guild diversity of the guilds that pollock, cod, and Atka mackerel bdong to would dedine as these
gpeci es wouldincreasetheir dominance inthoseguilds. Overall biomassdiversity of the groundfish complex
would decline 13 percent from Alternative 1 in the BSAI and increase 3 percent for the GOA. The changein
the GOA issmall relativeto Alternative 1 and likely would not change functional rel ationships amongspecies.
The decline in biomass di versity in the BSAI ismainly dueto theincrease in poll ock and is of the same order
as changes seen when lar ge pollock year-classes move through the system and the same as under Alternative
1. Understanding of how thisdominance might affect trophicguild mambes that might conpetefor prey with
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pollock is still not completdy understood. Alternative 2.2 woud be neutral (e.g., +0) with respect to
influencingtrophic diversity abovelevelsobsavedin ratural systens.

Genetic diversity could increase under Alterretive2.2 if dde, mare hetearozygous i ndividual s wereleft in the
populations of cod, pollock, and Atka mackerel. Also, protection of spawning aggr egati ons of these species
under Alternative 2.2 would aso tend to increase protection over Alternative 1 of genetic diversity that might
be due to differences among spawning subgroups. Thus, Alternative 2.2is givenarank of +1 withregardto
protecting genetic diversity relative to status quo.

Alternative 3

Alternative 3 wauld provideincreasad pratection to target species with regard to potentia for overfishing.
Therefore, at thespedeslevel, it rankshigher than Alternative 1 with regard to protection of speciesdiversity.
Because these policies are applied to many target species, Alternative 3 is given a rank of +2 rdativeto
Alterrative 1.

Trophic level of thetotal groundfish biomass shows virtually no change from Alternative 1 level in 2005. This
isan indicaionthat functional (trophic) species compasition of the groundfish community would not change
appreciably from Altanative 1. Increased energy flow at higher trophic levels that would increase the food
chain length and increasethelife span of organisms (both of which would occur to some extent through the
shift in long-term equilibrium age structure toward dde fish) would beind catars of a less stressed more
mature ecosystem (Odum 1985). However, the 3 percent increase in pollock (an r-selected species) under
Alternative 3rd ati veto Alternative 1 would i ndicateaslight shift toward afaster -growing, less mature sy sem.
The magnitude of change relative to changes observed due to environmentally driven changes in recruitment
would suggest that therewould nat likely bealarge ecosystem inpact inthisregar d from Alterretive 3. Itthus
scores a +0 relative to Alternative 1 with respect to protection of functiona diversity.

Genetic diversity would be further protected under Alternative3 relative to Alternative 1 through itspolicy of
closing acertain proportion of spawningareas tofishing, which would tend to pr otect spawning subgroupsand
partly protect larger, moreheter ozygousindividuas. For thisreason, wegave Alternative 3a+1 for thismeric.

Alternatives 4.1 and 4.2

Alternatives 4.1 and 4.2 would potentia ly provide increased protection of species diversity over Alter native
1 by protecting many non-target species, such as skates, that could be vulnerable to unmeasured but high
exploitation rates. Alternatives 4.1 and 4.2 rank +2 relative to Alter native 1 with resped to providing extra
protection for species diversity.

Trophic guild diversity would decline somevhat rd ativeto Alternative 1 for thepollock trophic guild due to
theincreasein pollock biomassin Alternatives4.1 and 4.2 intheBSAI. However, these dternatives have the
potential to protect trophic guild diver sity for many groupsthat are not measured in the indices of Table4.9-2.
Such species as skates, grenadies, sculping and sharks fill many different traphicroles and bel ong toseveral
trophic guilds. Alternatives4.1 and 4.2 would provideadditional protectionto many of these groups, thusthey
received a +1 score with respect to providing additional protection to trophic guild diversity relative to
Altanative 1.

Squid closuresmight provide some additional protection to genetic diversity for larger, more heterozygous or
spawning subgroups o squid relative to Altanative 1 (e.g., +1).
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Alternative 5

Alternative 5 could potentially provide some unknown increase in species level diver sity over Alternative 1
through protection of many benthic invertebrate species that could be vulnerable to high, unmeasured levels
of mortality through gear impacts (e.g., gorgonian corals). It thus ranks +2 relative to Alternative 1 with
respect to protection of species diversity.

No changes in trophic guild diversity that contain dominant groundfish species would be anticipated under
Alternative 5. However, Alternative 5would provide additional protection to benthic trophic guildsthat supply
prey to many groundfish species. It thus would provide some additional protection relative to Alternative 1
in this regard, so it receives a scare of +1.

No additional protection for genetic diversity of groundfish wauld be expectedunder Alternative 5 (eg., +0).
Altenaive6.1

Alternative 6.1 would provide no expected changes in species leve, trophic guild, or genetic diversity over
Alternative 1, therefare, Alternative 6.1 receives a neutral score (eg., +0) for al three of thesemetrics.

Alternaive6.2

Alternative 6.2 could induce some unknown level of decline in species diversity over Alternative 1 through
increased catch levds of targe species. Theseincreased catch levels could reduce protection of endangered
speciesthat rely on those species for prey. Increased bycatch of sensitive species such as skates, grenadiers,
and sharks would occur along with increased mortality of benthic invertebrates such as coras, sponges,
anemanes, sea pers, and seawhips. Alternative 6.2 is given a scor e of -2 because it would reduce protection
to many species.

Little changeis seen in functional dvesity unde Altenative 6.2 rdative to Alternative 1 (eg., +0).

Alternative 6.2 would provide less protection to genetic diversity because it would possibly increase fishing
intensity on spawning aggregations and on larger, more heterozygous fish. Thus, it is given a score of -1.

49.3 Summary of Effects
4931 Ecosystem-level Ecological | mpacts

Three main factors were evaluated from an ecological perspective at the ecosystem leve to examine the
ecosystem effects of the alternatives. 1 ndexes or measures that relate to possible changes in predator -prey
relationships, energy fl ow and balance, and varioustypesof diversity wereusedin the evaluation (Table 4.9-3).
Evauation of Alternative 1 impacts with respect to these measures does not show any large negativeimpads
although a few were conditionally significant adverse (spatia and tempora prey removals, introduction of
nonnative species, and species diversity) due to more complee knowledgeof these effects (Table 4.9-4). Each
dternative is ranked with respect to whether it would provide more or less protection relative to Alternative
1 using these measures (Table 4.9-4).

Four main issues are examined under the effects on predator-prey relationship: pelagic forage availability,
spatial and temporal concentration of fishery on forage, removal of top predator s (fishing down the foodweb),
and introduction of nonnative species. The biomass of pollock (akey pel agic foragespecies) in thegroundfish
biomassis expected toincrease 12 percent and 47 per centinthe BSAI and GOA, respectively intheshort term.
Thus, significarnt positive impacts were doserved inpelag c forage avail ability dueto the increasesin pollock
abundance predicted to occur from 2001 to 2005 under Alternative 1. However, the spatial and tempaoral
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concentration of fisherieshad a conditionally significant adverseimpact on prey availahility becausetherewas
not sufficient timeto eval uate the effectiveness of the present mitigation schemefor reducingfishey impacts
inthisregard. Fisheries intheseareas havenot traditionally focused ontop leve predator sbut have been more
focused on mixed fish and invertebratefeederssuch as pollock and cod. Thus, there has not been evidence of
fishing down the food web that has been seenin some highly exploited sysems. Removal of top predators was
thusdetermined to beinsignificant. Although arecent report on speciesintroductionsin Port VValdez and Prince
William Sound relative to oil tankers has shown that some nonnative species introductions have occur red,
possibly through introduction on vessel hulls or fromvessel ballast water, no particular vessd type has been
implicated. Most introductions have beenin shallow water and estuarine areas. So far impacts fromthese
introductions have not been observed in Alaskan waters, but they could potentially producelar ge-scalechanges
in predator-prey inter actions and species composition and are thus judged to be a conditionally significant
advese impact.

Alternatives 2.1 and 2.2 provi de some of the highest measures of increased protectionwith respect to predator-
prey relationships because of their focus on pollock and Atkamackerel. These speciesareimportant prey, not
only for Steller sealions but to many other species aswell. That is the main reason Altenatives 2.1 and 2.2
would performwell atanecosystemlevd. Alternatives 4.1 and 4.2 were next in providing increased pr otection.
These alternative would perform well because of their focus on providing increased protection to squid as an
important forage. Alternatives4.1, 4.2 and 5 a so reduce spatial and temporal concentrationson foragerelative
to Alternative 1, would provide policies to increase management of top level predators such as sharks, and
would likely reduce fishing effort so that the possibility of introducing nonnative species from fishing vessdl
hulls and ballag wate's woud bereduced.

Alternative 5 wouldincrease Atka mackerel prey availability intheAleutian|slands, provide increasad spatial
refuges from fishing without increasing fishing effort outside refuges, and provide some possible decrease in
fishing effort to reduce nonretive spedesintroductions.

Alternative 6.1 would perform well in terms of reducing spatial and temporal concentrations of fishery on
forage. Alternative 6.1 reduces the race for fish, which tends to concentrate fisheriesin time Fishermen also
have the opportunity to increase their sear ch for fish outside their normal fishing areas as the race for fishis
eliminated. Alternative 6.1 would not provide any additional protection to pelagic forage avail ability, removal
of top predators, o introduction of nonnative species.

Alternative 3wouldincreaseforage availability relativeto Alternative 1. Alternative 3 reductionsin total catch
biomass of 10 percent or greater would reducethe possibility of nonnative species introdudions. However,
it received a negative score on tempora and spatial reduction of forage because it did not reduce total catch
when closed areas were specified. This practice might tend to increase spatial and temporal concentrations of
fisheries onforage inopen areas

Alternative 6.2 woul ddecrease forageabundanceby increasing catch of farage sped es, whichwouldal sotend
to produceincreases in gatial and tamporal reduction inforage availability. Alternative6.2 is neutral with
respect to removal of top predators, but the increased effort likely to occur with increased catches would
increase probabilities of introduction of nonretive species.

The main measuresr elating ecosystemlevel impactson energy flow and balancerelated to thetotal catch level
(ameasure of energy removal) andtotal discard level (a measure of energy redirection because discards may
be consumed by different speciesin the ecosystem than if they had not beendiscarded). Alternative 1 levels
of energy removalsintheformof catchwould beonly about 1 percent of theestimated total ecosystembiomass
and would produce an insignificant impact on this basis. Discards are projected to decrease by about 28
percent over the next fiveyears under Altenative 1. Discards also would beabout 1 percent of the natural
levelsof dead arganic mateial aready going to the bottom and no scavenger population wouldincreaser elated
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to charges in discards levels in the BSAI or GOA under Alternative 1. Thus, discar ds would produce no
significant impact on theecosystem under Alternative 1.

Alternatives 2.1 and 2.2 wauld provide additional prot ection over Alter nati ve 1 withrespect to energy renoval
and discards. Measures primarily because of their reductionin pollock and Atka mackerel catch. Pollock
catch tends to daminatethe total catch biomass, particuarly in the eastern Bering Sea. Even though discard
ratesin the pollock fishery tend to be low as a proportion of catch, the discards are ill a large proportion of
the total discards. Policies that tend to reduce catch o pollock will also tend to reduce total discards.
Alternative 3 would provide extr a protection to energy removd sin the system by redudng tatal catch biomass
by 10 percent or greater. Discards would not decrease as much under Alternative 3 compared to Al ternatives
2.1 and 2.2 because catch reductionswould be spread over a broader spectrum of species. Both tar get species
and nontar get species would be neutra with respect to energy redirection (discard) amounts. Although the
main measure of energy redirection, total discar ds, would not change much under Alternative4, it sill received
a positive scorewithrespect to improvement in energy redirection over Alternative 1. The positive score is
becauseit woul d reduce an unmeasur ed source of energy redirection: bottom prey exposed by trawlsand eaten
by scavenging benthic organisms. Alternative 6.1 would be neutral with respectto energy removal in theform
of total catch, but it recaved a negative scare, -2, because it would remove the improved retention and
utilization requirements o graundfish that are part of Altenative 1. Alternative 6.2 received the largest
negative scores, -2, on both energy removal and redirection because it would incr ease both catch and discards
to levels 10 percent greater than those obsarved under Alternative 1.

Three main aspects of diversity are considered in this evaluation: species diversity (number of species),
functioral or trophicdivesity (thediversity of biomassin atrophic grouping of species), and genetic diversity
(genetic diverdty within species). Although no fishing-induced extinctions have been documented in the last
30 years or so, taxanomic work an some fish species (e.g., skates) is still ongoing and little survey and
systematic work is being done on other ecosystem components such as benthic invetebrates that could be
impacted by fishing activities. Until some of these survey and taxonomic problems are resolved, it is not
possible to fully assessthe impacts of Alternative 1 on species level diversity. However, given the sensitive
natureof some species considered (i.e, long-lived or low repr oductive potential species such as skates, shark,
and grenadiers), and the evidence of extinction of related species in the Atlantic Ocean, this could be a
conditionally significant adverse impact on the environrment under Alternative 1. Trophic guild diversity
changes observed under Alternative 1 mostly would be rel ated to recruitment changes of a dominant guild
member and not fishing. There would appear to be no fishing-induced changes in functiona diversity.
Therefore, thisis considered to be an insignificant impact on the environment under Alternative 1. Genetic
divesity changes were not assessed far Alternative 1. Heavy exploitation of certain spawning aggregations
and heavier exploitation onolder, more heterozygousindividuals would have the tendercy to reduce genetic
divasity in fished versus unfished systenrs. Thus, some change in genetic diversity has possibly occurred in
the BSAI and GOA but the magnitude of theimpactsare not known. Research on geneti ¢ diversity changes
in more heavily explated areas suggests the impacts might be minimal. Thus, th's was consideed an
insignificant impact onthe status quo environment.

Target spedes, nontarge spedes, and habitat alternatives (e.g., Alternatives 3, 4.1, 4.2, and 5) would all
provide much more protection by spedeslevel dvesity relative to Alternaive 1 by providng additioral
protection to harvesting many diff erent species. Marinemammal and seabird alternatives (2.1 and 2.2) would
provide additiona protection primarily to two endanger ed speci es, Steller sealionsand short-tailed albatross.

Alternative 6.1 would provideno additional prot ectionr elati veto Alter nati ve 1 withr espect to species diversity.
Addtional protection to functional diversity would be provided mainly under thenon-targe sped esand habitat
aternatives (4 and5). These dternatives protect trophic guild diversity for many members of trophic guilds
presently not measuredquantitativey, such as skatesand saul pins (members of thebenthicfishandinvetebrate
feeding group), sharks (member of thepelagi cfish f eeding guild), and sessilebenthicfilter-feedinginver tebr ate.
Genetic diversity would be further protected by alternatives that reduce fishing on spawning aggregations or
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fishing on larger, faster groning fish. Altenatives2(2.1 and 2.2) and 4 (4.1 and 4.2) all rank positively in
thisregard. Alternative 6.2 recelved negative scor es on both species diversity and genetic diversity.

Overdl, mog alternatives scored either neutral (socioeconomic Altenative6.1) or positive with respect to
providing additional protedion to the ecosystam based on these ecosystem-levd ecdogical measures.
Alternatives 2.1, 2.2 and 4.2 had many high positiveranks, but Alternaive4.1 also had many positive soores.
Theselatter dternatives performed better than Alternatives 2.1 and 2.2 with respect to diversity. Alternative
6.2 wastheonly dternativeto receive mostly negative scores. Each other aternative tar geted a certain group
of species in diverdty protedion. Bed protection of diversity wauld likdy result from using a mixture of
alternatives. No aternative obtained a domnance of thehighest possible scare of two. Achieving the highest
ecosystem-levd protection may invdve combining pdicy dbjectives of avariety of alternatives.

49.3.2 Ecosystem-Based Management Objectives

Anaysis of the alternatives with respect to how well they would meet the objectives of ecosystem-based
management provi desanother meansof evaluating ecosystem-level perfor mance. The NRCreport, Sustaining
Marine Fisheries (NRC 1999), recommended improvements in eight categories of ecosystem-based
management in order to achieve sustainable fisheries. These recommendatiors areto (1) adapt conservative
harvest level sfor single-species fisheaies, (2) incorporate ecosystemn considerations into fishery management
decisions, (3) adopt aprecautionary approach to deal with uncertainty, (4) reduce excess fishing capacity and
assign fishing rights, (5) establish marine protected areas as a buffer for uncertainty, (6) include bycatch
mortality in TAC accounting, (7) develop ingtitutions to achieve goals, and (8) conduct more research on
structure and fundion o marineecosystems. The status quo ecosystem-based fishery management regimeis
reviewed and each dternative is evaluated and compar ed to Alter native 1 (T ables 4.9-5 and 4.9-6). Detailed
information on each aternative is found in the individual aternative impacts sections. However, this section
summar izes inabroad sensehow each alter native per forms with respect t o these ecosystem-based management
goals.

Alternative 1 would make many improvements in meeting each ecosystem-based management objective.
Conservative single-species management is the cornerstone of ecosystem-based management in the BSAI and
GOA. No fishstockshave been deemed oveafished, theintended catchis wdl bd ow the absd ute catch limit,
harvest rate specifi cationsaremor econservativef or some management tiers when lessinf ormationisavailable,
harvest rates arereduced at |ower than average stock size levelsto allow rebuilding, OY limits add additiorel
precaution, and doserver catch manitaring allows catchesto stay within specified levels. However, additional
information on target and non-target species could provide substantial improvements to conservative single-
speci es management. Better knowledge of spatial/temporal distribution of stocks could help prevent locai zed
stock depleion. More irformation on species-specific fish stock abundance and life history characteristics
would help defineoverfishinglevdsfor stodks for which thoselevel shavenot yet been defined. Incorpor ating
uncertai nty into assessment pr ocedur eswould also lead to mor e conservative harvest levels. Somealter nati ves
offer improvements to conservative s ngle-species harvest levels. Alternatives 2.1 and 2.2 of fer increased
consavatisminthe harvest of afew spedes(pollock, cod, and Atka mackerel). Alternative 5 also offesmare
conservatism to the harvest of some species (flatfish and Atka mackerel). Alternatives 3, 4.1 and 4.2 add
additional conservatismto broad groups of sped es, while Alterrative6.1 would maintain the status quointhis
regard. Alterrative 6.2 offas aless consavative sing e-species management.
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Table4.9-5  Scoring System for Ranking How Well Each Alternaive Achieves Ecosystem-Based

Management Goals

Score
Goal
-2 -1 +0 +1 +2
Conservative Less conservative | Less conservative | Continue Adds more Adds more
single species harvest levels for | harvest levels present policy | conservatism conservatism to
harvest levels many species for some species to harvest harvest levels
levels of some | of many
species species

ons

Incorporate Consideration of Consideration of Present Consideration | Consideration
ecosystem ecosystem ecosystem consideration of ecosystem of ecosystem
considerations factors in much factors in fewer of ecosystem factors in factors in many
into fishery fewer management factors more more decisions
management management decisions decisions

decisions decisions

Precautionary Less precaution Less precaution Present level Adds more Adds more
approachto to many more to some more of precaution precaution to precaution to
deal with species/decisions | species/decisions some more many more
uncertainty species/decisi | species/decisio

ns

Reduce excess

Creates large

Creates some

Present level

More control

More control of

research on
structure and
function of
marine
ecosystems

many
components

some
components

and direction
of research

on some
components

fishing capacity | excess capacity excess capacity of fishing of fishing fishing capacity
and assign or loss of fishing or loss of fishing capacity capacity and and rights
fishing rights rights in many rightsin some control and greater rights assignmentto
fisheries fisheries assignment of | assignmentto | many fisheries
fishing rights some fisheries
Establish Much less area Some less area Present level Some more Many more
marine protected protected of marine marine marine
protected areas protected protected protected areas
areas areas
Include bycatch | Ignore bycatch Ignore bycatch Present level Increased Increased level
mortality into mortality in TAC mortality in TAC of inclusion of | level of of of bycatch
TAC accounting for accounting in bycatch bycatch mortality in
accounting many species some species mortality in mortality in TAC
TAC TAC accounting for
accounting accounting for | many species
some species
Develop Removal of Removal of Present Creation of Creation of
institutions to institutions to institutions to institutional new/revised new/revised
achieve goals achieve many achieve some structure institutions to institutions to
goals goals achievegoals | achieve many
goals
Conduct more Less research on | Less research on | Existing level More research | More research

on many
components

Notes: TAC - total allowable catch
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Table4.9-6 Scoresfor Each Alternatives Relative Leve of Achieving Ecosystem-Based Management Goals®

Alternative
1 2
Ecosystem-Based Management Goal 3 4.1 and 5 6.1 6.2
4.2
2.1 2.2
Conservative single-species harvest levels 0 1 1 2 2 1 0 -2
Incorporate ecosystem considerations into fishery 0 1 1 0 0 1 0 -1
management
Precautionary approach to deal with uncertainty 0 1 1 2 2 2 1 -2
Reduce excess fishing capacity and assign fishing 0 -1 -2 -1 -1 0 2 1
rights
Establish marine protected areas 0 2 0 2 1 2 0 0
Include bycatch mortality into TAC accounting 0 0 0 0 2 0 2 0
Develop institutions to achieve goals 0 0 0 0 0 0 2 0
Conduct more research on structure and function of 0 1 0 1 2 2 1 0
marine ecosystems

Notes: ?Theindex values contained in this table only contain ordinal information and can only be used to make ordinal comparisons. For example, an index value
of +2 is better than a value of +1, but a +2 is not necessarily twice as good or twice as large as a +1. Therefore, it is not possible to obtain meaningful
summary information by performing num erical operations (e.g., add or subtract index values or calculate their ratios) using two or more of the index values.
TAC - total allowable catch
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Incorpor ating ecosystemconsiderations intofishery management meanstaking account of known and probable
goods and sevices of marine ecosystemsthat are paentially jeopardized by fishing. These considerations
include provision of prey and other habitat aspects to ecosystem components and protecting energy flow and
redirection. The statusquo regime hastaken intoaccount marinemammal aitical habitat by reducing memmal
prey harvest levels inddethese areas. Forage fish species have been protected by provisionsthat prevent new
fisheries starting on those species. Habitat protection of various ecosystem compaonents such as sea lions,
herring, and crab has been provided by time and area closures. Fishery discards have been reduced
substantially by the improved retention and utilization requirements and prevent energy redirection in these
ecosystems. However, better under sanding prey requi rements of protected speci es and habitat requirements
of fish could lead to improved ecosystem-based management. Alternatives 2.1 and 2.2 would provide
additional protection to sealion prey. Alternative 5 would further protect benthic fish habitat and particularly
gorgonian coral areas. Alternatives4.1and 4.2 would provideextr aprotectionto squid as prey and many other
ecosystemn components.  In rights-based management proposed unde Alternative 6.1, users would be held
accountable for resourcesthey useand thecosts, including environmenta costs, they impose. T hus, Alter native
6.1 would internalize ecosystem considerations rather than considering them as an externdity as Alternative
1 does. Alternative 6.2 would provide less protection to prey and energy removal and redirection.

The precautionary approach todeal withuncertai nty means provid ngaway to takeintoaccount theinconpl ete
understanding of and ability to predict fish population dynamics, interactions among species, eff ects of
environmental factor s on fish population, and effects of human actions. A variety of stepswould be takenin
the BSAI and GOA Groundfish FMPs (Alternative 1) to provide additiona precaution in the face of
uncertainty. Themost visiblemeansisthetier systemof setting ABCsof fish basedon informetionavail ability
of population dynamics parametas. As mentioned above in ecosystam corsiderations, foragefish protection
and protection of sealion critical habitat are other examplesof precaution in the faceof uncertainty. Virtually
al thealternatives provide addtional ways to deal with uncertainty to provideimprovements ove the status
qguoregime Alternatives 2.1 and 2.2 would providefurther precautionin dealing with uncertainty about dfects
of fishing removals of Steller sealion prey. Alternative 3 would provide additiona precaution by explicit
consideration of uncertainty in survey estimates of many groundfish species. Alternatives4.1 and 4.2 would
provi de additiona precaution by imposing management rules on alarge group of non-target fish species for
which compl ete information about abundance or species-specific catch rates islacking. Alternative 5 would
provide additional precaution about theuncertainty of effects of fishing on benthic habitat and coralsby setting
areasaside for protection and switching to ater nati ve gear types. Additional precaution under Alternative 6.1
would impose rights-based management. Alternative 6.1 not only would provide additional precaution by its
system of holding users accountable and imposing monitoring to ensure that accountability, it would also
providea system with more rapid response to observed changes than the present system, which relies on the
time-consuming process of regulatory amendments. Alternative 6.2 would remove precaution by advocating
fishing rates for some species up to the overfishing level.

Reducing excessfishing capadty andassi gnment of fishingrightsisrecagnizedas a primary meansof reducing
pressureto overfished stocks. The status quo regimehasimposed a moratorium on new vessel entry into the
federally managed grourdfish and crab fisheries. A license limitation program for these vessels was
implemented on January 1, 2000, which replaces this moratorium. Sablefish and halibut | FQ programs have
reduced overcapacity inthosefisheries, ashastherecently implemented American Fisheries Act, whichreduces
harvesting capacity in the BSAI pollock fishery. These programs could be more broadly applied than in the
present fishery management regime. The only aternative that would provide additional control of excess
capacity and assignment of fishing rightsis Alternative 6, which explicitly proposes to extend assignment of
fishing rightsto all target groundfish and prohibited species categary fisheries. The other alternatives, which
proposeto reduce TAC infisheries, would result in an increase in excess fishery capacity, at least in the short
term. Alternative 6.2 might reduce excess fishery capacity in the short term through its policy of TAC
increases.
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Establishment of marine protected areas, wherefishing isprohibited, isonemeansof protecting and rebuilding
ecosysems and populations of marine species. As such, it should be considered as one of the tools of
ecosystem-based management and not the sole tool. Areas of the Bering Seathat are closed to year-round
trawling encampass 25 percent of the Bering Sea shelf areas where most fishing presently occurs and GOA
closed areas now encompass about 10 percent of the trawlable shelf area. Evauation of the areas now
protected and development of strategic goals for habitat protection by area need to be performed to make
improvementsbeyondthestatus quo regime. Thealternativesoffer some suggedions for more gptimal habitat
protection beyond the status quo regime. Alternative 2.1 proposes much extended marine protected areas,
wheefishing for pollock, cod, and Atka mackerel wauld be prohibited, while Alternative 2.2 proposesno new
protected areas. Alterrative 3 would dose 20 percent of all management areas year-round fishing, thus
providing, a much greater amount of protected area relative to Alternative 1. Alternative 5 would also close
large areas to bottom trawling in order to provide additiona protection to benthic habitat and close someareas
todl fishingin arder to protect gorgoniancorals. Alternatives 4.1 and4.2 would establish additiona areasfor
protection in the form of squid protection areas aong the outer shelf of the BSAI. Alternaives 6.1 and 6.2
would provideno addtional marine protected areas.

Explicit accounting of bycatch and discar ds in the assessment of fishing mortality on species is an impor tant
ecosystem-based management action. Mehods and gears to reducebycatch should alsobe encouraged. The
status quo management regime has instit uted many controls and accounting systems for bycatchand discards.
Bycatch limitshave been developed for prohi bited species cat egories and groundfishfisheriesar estopped when
theselimits have beenreached. Target species discards are explicitly counted and added into landed cat ches
in assessment of fishing mortality for groundfish. Improved retention and utilization regulations have also
reduced the amount of pollock and cod that are discarded, and flatfish retention will be mandated in 2003.
Only two alternatives have the potentia to provide additional inclusion of bycatch mortality in TAC
accounting. Alternative 4.1 and 4.2 would add TAC setting and associated inclusion of bycatch into TAC
setting for speciesthat are presently not targets of groundfish fisheries. Alternative 6.1, by virtue of itsrights-
based management that holds users accountable for the resources they use and mandat es amonitoring system
to account for that use, would also provide additional accounting of bycatch mortality in TAC setting.

Devdoping institutions to achieve ecosystem-based management gaalsisalso important. Ingtitutions should
incorporate diverse views and ingtitutional structures should be devdoped that promae redudion of excess
capacity, sustainable catches of target species, expansion of fishery management to include al sources of
environmental degradation, consideration of ecosystem effectsof fishing, effective manitoring and enforcemert,
and collection of important data T he dtatus quo regime is characterized by the Council’s structure and
associated groups. T he Council has diverse representation and numerous committees that represent natural
resource agencies, industry, fishing communities, environmental organizations, recreational fishermen, and
academia. Alternative 6.1 is the only dternative that would add organizational structure through its
implementation of rights-based managemert.

Explicit accounting of bycatch and discards i n the assessment of fishing mortdity on species is an important
ecosystem-based management action. Methods and gear s to reduce bycatch should also be encouraged. The
status quo management regime hasingtit uted many controls and accounting systems for bycatch and dscards.
Bycatch limitshavebeen deveopedfor prohi bited species cat egories and groundfish fisheriesar e topped when
theselimits have been reached. Tar get species discards are explicitly counted and added into landed cat ches
in assessment of fishing mortality for groundfish. Improved retention and utilization regulations have also
reduced the amount of pollock and cod that are discarded, and flatfish reention will be mandated in 2003.
Only two dternatives have the potential to provide additional inclusion of bycatch mortality in TAC
accounting. Alternative 4.1 and 4.2 would add T AC setting and associated inclusion of bycatch into TAC
setting for species that are presertly nat targets of groundfish fisheries. Alternative6.1, by virtueof itsrights-
based management that holds users account able f or the r esour cesthey use and mandates a monitoring system
to account for that use, would aso provide additional accounting of bycatch mortality in TAC setting.
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Developing institutions to achieve ecosystem-based management goalsis alo importart. Institutions should
incorporate diverse views and indti tutiona structur es should be developed that promote reduction of excess
capacity, sustainable catches of target species, expansion of fishery management to include all sources of
environmental degradati on, consideration of ecosyst em effects of fishing, eff ectivemonitoring and enforcamert,
and collection of important data. The status quo regime is characterized by the Council’s structure and
associated groups. The Courcil has diverse representation and numerous committees that represent natural
resource agencies, industry, fishing communities, environmental organizations, recreational fishermen, and
acadamia. Altanative 6.1 is the only alternative that would add organizational structure through its
implementation of rights-based managemert.

Research onthestructureand f unction of ecosystems, long-term resear ch and monitoring, avariety of modeling
efforts, biological effectsof fishing, effectiveness of MPAS, and effectiveness of variousformsof rights-based
management would all be required to dfedivdy implement ecosy stem-based managament. Although research
is ongoing with respect to all of these categories, implementing the additional protection proposed in many of
the alternatives would require much more additional research. Seting appropriate boundaries for Steller sea
lion conservation would require additiona research on Steller sea lion foraging needs and tar get species
seasonal movements. Tar get species require nore accuratedetermination o critical life history parameters and
urvey estimates. Non-tar get species need much more work on taxonomy and life history char acteristics and
distribution. Implementation of optimal areas for fish habitat protection would require long-term research on
the effectiveness of MPAs. Finaly, implementing rights-based management woud require additioral
infarmation onthe efects and dfectiveness d various forms of rights-based management.

Oveall, thealternatives waould perform positively with respect to providng additional ways to movetoward
ecosystem-based management. Alternative 6.1 had many high scares and non-target species and habitat also
several high positive scores. Alternative 2.1 and Alternative 3follow. Alternative 2.2 would not paform much
above the s atus quo becauseit does not explicitly establish marine protected ar easand would cause thelargest
short-term increases in excess capacity. As mentioned earl ier, some dternatives have competi ng objectives
(e.g, TAC reduction and excess capacity reductions), and some alternatives perform better on particular
objective than others. Alternative 6.2 receives several negative scores. Ultimately, achieving an ecosy sem-
based management reg methat best mestsall eight goals examined here will be met through a combination of
features of eachindividual alternative whichweredesigned to delineate and sharply define specific issues.
Ecosystem-based management is aregime that involves a combination of a broad set of issues from single-
Speci es management, to ecosystem considerations, and finally to economic concernsand the role of humansin
these ecosystems.
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